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FOREWORD 


We extend our sincere thanks and appreciation to the 
speakers who made the 7th Annual National Conference 
of the American Institute of Industrial Engineers the 
outstanding success that it wase Without them there 
could not have been 2 conferenceec 


Bach speaker contributed most generously of his time, 
talents and technical knowledge. In addition, the 
requirement for editing and submitting a paper or 
transcript of his remarks for publication in these 
proceedings, although a significant contribution, 
constituted an extra personal burden. 


It had been our original plan ami desire to publish 

these proceedings pricr to the Conference. Unfortunately 
only approximately forty percent of the speakers were 
able to provide us with papers in advance. The rest 

of the papers were received subsequent to the conference, 
with the last arriving 3:arly in September. 


We recognize the pressures and demands on the time of, 
our speakers and appreciate that they found time to 
review amd edit their papers so they could be included 
hereine It is only torough the splendid cooperation 

of our speakers that we are able to document the 7th . 
Annual National Conference for posterity ani bring 

it to a fitting conc.isione We thank each and everyone 
of theme 


1955 Conference and Convention Committee 


OPERATIONS RESEARCH IN ORGANIZING PLANNING: A CASE STUDY 
(Five Year Planning for an Integrated Organization*) 


Russell L. Ackoff** 
Director, Operations Research Group 
Case Institute of Technology 

Cleveland, Ohio 


BACKGROUND 


The reorganization of the General Electric Company into 
operating departments has been discussed extensively in 
magazines, journals, and A.M.A. publications. As has 
been reported the company has been organized into five 
operating groups, 22 divisions, and over 100 operating 
departments. 


The problem discussed in this paper involves one of these 
22 divisions, the Lamp Division. This business, older 
than the General Electric Company itself, was one of the 
original parts out of which the company was founded. In 
the last quarter of the century this lamp business has 
grown at a rate 50% greater than that of the gross 
national product. It employs approximately 15,000 people 
in 37 manufacturing plants, 36 sales districts, 20 ware- 
houses, and its headquarters. It is a business which is 
engaged not only ir the manufacturing of light bulbs but 
also in the production of the parts that go into the 
finished lamp, and a large part of the equipment used in 
manufacturing these lamps and parts. 


From its inception the Lamp Division followed the now 
popular theory of decentralization. Its operating 
decisions were made on the firing line. Instructions 

to its operating managers were in the form of very brief, 
one-page bulletins explaining only what cannot be done 


¥ Reprinted trom Proceeding of the Conference on "Case 
Studies in Operations Research,” Case Institute of 
Technology, Cleveland, 1956. 


** This paper jointly prepared by Walter S. Glover, Manager, 
Finance, Photo Lamp Department, Lamp Division, General 

Electric Co., and Russel L. Ackoff, Director, Operations Research 
Group, Case Institute of Technology, Cleveland, Ohio, and 


‘presented at the AIIE 7th Annual National Conference by Dr. Ackoff. 
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by them. With the exception of only a few decision areas 
the running of the business was in the hands of the managers 
of operating units. 


At the time this study began the Division was organized 

on purely functional lines. The Vice-President and General 
Manager of the Division had reporting to him administrators 
in charge of marketing, manufacturing, engineering, finance, 
employee relations, and law. The marketing manager, for 
example, was responsible for product-planning, distribution, 
sales, advertising, and all other marketing functions for 


',more than 15,000 different product types. These product 


types were sold and distributed to many diverse customers 
through many diverse channels. 


The manufacturing administrator, to take another example, 
was responsible for the development of manufacturing 
processes, for the administration of the policies under 
which the various plants were operating, and for the 
production of the finished products to very, very exaeting 
standards. 


As in many other industries, the quality of a finished 
product is determined to a very large degree by the quality 
of the components. In order to increase high quality 
standards, the Division has manufactured its own parts for 
many years. Up to 1955 the Division had within its manu- 
facturing group the Giass Department, the Parts Department, 
and the Lamp Assembly Department. The Glass Department, 
for example, developed and installed a large part of its 
own giass-making equipment. It begins its process witn 

the sand, potash, and other necessary ingredients and 
produces the glass envelopes for most of the lamps produced 
by the Division. The wide variety of types and sizes of 
lamps requires an almost equally wide variety of types of 
glass. 


Despite the growth of the business there were various 
disturbing signs that appeared during and immediately after 
World War II. Although the business had grown rapidly, the 
rest of the General Electric Company had grown faster and 


the rest of the eiectrical industry had as well. There were 


strong indications of the possibility of loss of market 
position to the very strong competitive forces that had 
grown up around the Division. Why was this happening? Was 


it due to a lack of direction, a lack of long-range planning, 


or the fact that the business had become too diverse to be 
managed effectively under the organization structure which 
had been in place for over 25 years? 
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These were the questions and the problems that faced the 
Lamp Divisienm. In late 1952 it was decided to conduct a 
broad-study of the Division in order to determine the 
nature of its strengths and weaknesses and to make 
recommendations for the future conduct of the business. 


In the spring of 1953 a task force was organized to make 
this study on the basis of which it was (1) "to recommend 
the operating objectives of the division for the next five 
years and (2) to recommend the type of organizational 
structure best suited to the attainment of these objectives 
and the long-range growth and health of the business. The 
members of this task force were selected from within the 
Division. Each of the members had worked in the Division 
for a number of years and brought to the task force 
experience from every aspect of the Division's activity. 
The task force was headed by a member of the Vice 
President's administrative staff. He had previously worked 
in the marketing and financial areas. The other members were 
the home office manager in charge of sales districts who had 
previously been a district sales manager, the home office 
manager in charge of lamp assembly who had previously been 
a plant mariager, the home office. managét## 6f the Division's 
distribution network who had previously managed a district 
warehouse, the manager of the Division's chemical plant, 
the manager of one of the glass plants, the manager of the 
manufacturing development program, the head patent counsel, 
and the head of the auditing staff. 


In the opinion of top management, the nine members of the 
task force could adequately represent all of the important 
functions of the business. The organization of the group 
and its purposes was broadly announced to all key personnel 
in the Division and their cooperation in helping the task 
force accomplish its objectives was solicited. 


It was brought to the attention of these key personnel 

that the purpose of the task force was to help the Division 
to keep growing, to grow at a faster rate, and to buttress 
the areas which had weakened. Conversely, the task force 
was not a Gestapo or an efficiency team bent on lopping . 
heads, in order to gain current dollars. 


. The broad announcement of the charter and plans for the 


task force and the request for cooperation proved an 
invaluable aid during the study. It not only made available 
to the task force valuable pools of knowledge and experience, 
but it allayed the fears of drastic personnel shakeup and 
allowed the Division to continue to operate at a high level 
of efficiency without fear of personal insecurity. 
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The administrative member of the task force and the auditor 
began to work on the problem full time. They met with the 
other members of the task force on a two-day-a-week schedule. 
This soon grew to 3 days a week and, in the final stages of 
the project, eight days a week. 


The task force began its work with a comprehensive self- 
orientation program. A bric: inventory, history, and 
summary of the operations cof each organizational component 
was prepared. These studies were designed to disclose the 
purpose of the unit, the range of products involved, the 
volume of products handlied, and the investment in the 
plant and personnei. The units considered included not 
only production and sales units but satellite units in 
purchasing and finance, and even the groundkeepers at Nela 
Part where Division  -acquarters are located. 


Next the group began to list the things it felt 1t ought 

to know to discharge its charter. Paper began to accumulate. 
The task force was soon up to its hips in‘paper. It became 
apparent. that in order to avoid winding up floundering in 

a sea of data some research plan was necegsary. Several 

of the members of the task force had been following the 
development of O.R. with interest and their problem 
presented them with an opportunity to try it out. 


The task force discussed the possibility of using O.R. 

with the Operations Research Group at Case Institute of 
Technology. It arranged to have one of this research group's 
members serve in a consulting capacity. In a short time 

this consultation developed into full-time participation 

of three members of Case's group. 


ANALYSIS OF THE PROBLEM 


This study done by the supplemented task force was not a 
typical Operations Research Project. It differs from most 
in subject matter and scope of its problem, in the methods 
employed, and in the organization of the research effort. 

But the project very effectively illustrates the flexibility 
of the O. R. approach and it points up its as-yet-unused, ,, 
poterftial. 


The "atypicality" of this study is reflected in the way 

the year's research time was allocated to phases of the 
project. The first seven months were spent in formulating 

the problem, the next two in designing the data collection 
and analysis, and the femaining three in the actual collection 
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and analysis of the data and in ‘preparation of the final 
report. A second atypical aspect of this study lies in 
the fact that a mathematical model did not play a central 
role because of the complexity of the system and the 
limitations of time. The problem had too many variables 
to represent and manipulate in mathematical form. However, 
the same kind of thinking that goes into the construction 
of such models was used to develop a conceptual model 
which was used throughout the study. The lack of an 
explicit mathematical model did not prevent the study from 
being formulated and conducted in quantitative terms. 


The instruction initially given to the task force was 
essentially "to develop a five year plan for the Lamp 
Division". The first job undertaken by the supplemented 
task force, then, was to determine what a five year plan . 
should contain. The group began by blocking out the major 
areas to be covered. It seemed clear that the plan should 
{as stated in the task force's charter) establish objectives 
for the Division; that is, goals the Division ought to 
attain. It also seemed clear that the means (operating 
policies) for attaining these objectives would have to be 
specified. Next, the additional resources required to 
carry out these policies would have to be determined. 

Then the task force realized that the effective use of 
resources and the maximum exploitation of policies depends 
on the organization involved. Consequently, it was decided 
the five year plan should also contain a set of organiz- 
ational specifications covering the structure (or form) 

and the functioning (method of operation) of the organiz- 
ation so that the most could be gotten out of the policies 
established and resources provided. 


The five-year plan, then, was to cover the following 
major areas: 


(1) Specification of objectives for the next five 
years. 


(2) Specification of operating policies by which the 
objectives could best be obtained. 


(3) Specification of the resources required to carry 


_ out the policies. 


(4) Specification of the structure of an organization 


best suited to carry out the policies with the resources 
specified. 
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Unfortunately, one can't look at any of these four problems 
separately. What goals one can reasonably expect to attain 
depends on the resources which are available, but specifi- 
cation of required resources depends on what one can expect 
to attain with them. Furthermore, the best type of organ- 


ization obviously depends on what operating policies are 


specified. But one can't select these policies without an 
eye on the kind of organization one is going to have. The 
major methodological difficulties in conducting this study 


arose from the fact that each one of the four aspects of 
a five~year plan had to be studied in such a way as to 
know what to do regardless of what the answers found in 
the other areas would be. 


For example, there were essentially three major types 

of organizational structures considered. Objectives, 
operating policies, and resources had to be established 
for each of these three different types of organization 
because it was only when all the information had been 
gathered and analyzed that the task force could find that 
particular combination of objectives and organizational 
structure which would (in some sense) yield some approxi- 
mation to an optimum five-year plan. 


SPECIFICATION OF OBJECTIVES 


In setting organizational objectives it was recognized 
that it would be trivial and futile to state such 
objectives as “an increase in profit", or "an increase in 
sales", or "product leadership". Such invocations have 
no operational value to a business. They cannot meaning- 
fully direct action; they are much too general and 
ambiguous. How can a statement of objectives be made 
operationally meaningful? It was to this question that 
the task force addressed itself. 


Two things were relatively apparent: (1) The objectives 


had to be formulated separately for each of the five years 


so as to indicate a desired rate of improvement during 
the period and (2) they had to be set for each major 


functional area of the business: marketing, manufacturing, 


and engineering (which included the research and develop- 
ment function). If, however, one were to set a marketing 
objective as "to increase gross sales by 10% next year", 
this statement wouid still not be very meaningful in an 
operational sense. For example, does it mean that gross 
sales of every product should be increased by 10%? 
Obviously not. Then what does it mean relative to 
different products? This question could not feasibly be 


answered since the Division markets more than 15,000 product 
types. Hence some classification of products into product 


lines was required. 
1-6 


How should the products be classified? For the marketing 
function they should be classified in terms of common 
characteristics of sale, distribution, and consumption. 
But such a classification would not be pertinent to the 
manufacturing and engineering functions. Products with 
the same marketing characteristics may have different 
manufacturing and engineering characteristics. For 
example, the large incandescent and fluorescent lamps 
have common marketing characteristics but do not have 
common manufacturing or engineering characteristics. 

The problem of classification, then, had to be accomplished 
in two stages: (1) classify products relative to each 

of the major functions of the business and (2) find the 
smallest number of basic classes out of which the classes 
in the first stage could be formed. This analysis yielded 
37 (exclusive and exhaustive) product classes under which 
each product could be listed. From these, for example, 

11 product lines were formulated for use in setting 
marketing objectives. 


Objectives, then, were to be set for each year for each 
product class. Now, specifically what should be the 
nature of the objectives? It is not enough to set profit 
objectives because these are too general. It was decided 
that profit must be broken down into its components: 
income and costs. Income means sales volume and costs 
reflect the productivity of each operating, service, and 
administrative function. 


In an expanding market a company can increase its sales 
volume and still lose market position. Therefore it was 
decided to set objectives for each product class in terms 
of share of the consumer's dollar based on forecasts of 
the number of consumers. A fourth class of objectives 
involving productivity was to be taken care of by 
specifying operating policies, resources, and organiza- 
tional modifications, if any. 


SPECIFICATION OF ALTERNATIVE OPERATING POLICIES 


The next job was to specify the possible ways of 
increasing sales volume beyond what would be expected 
if then current policies were continued. For example, 


. the sales and distribution operations were thoroughly 


analyzed and about 50 possible types of policies were 
enumerated for lamps. These were of the following types: 


1. Price changes. 


2. Additions to and deletions from the product line. 


| 


3. Changes in consumers utilization of light sources. 


4. Increased expenditures in such things as 
advertising, sales promotions, research and development, 
and packaging of products. | 


5. Changes in channels of distribution. 


6. Changes in arrangements with wholesalers and 
retailers. 


Corresponding alternatives were enumerated for lamp-- 
manufacturing equipment and lamp components. 


SPECIFICATION OF RESOURCES 


Expansion of the question concerning additional resources 
was relatively straight-forward. ®@’ involved determination 
of requirements or people, space, equipment, and so on 

for each operating and administrative unite. This portion 
of the study was "farmed out" to a groupuwhich was 
organized for this purpose by one of the “frembers of the 
task force. The existence of good records made it 

possible to determine quite accurately the amount: of 
resources required in operating units for various levels 

of activities. 


SPECIFICATION OF ORGANIZATIONAL STRUCTURE 


Amplification of the organizational noneste of the study 
were by far the most difficult. Here opinions throughout 
the Division, though differing, were most. ‘positive. Pre- 
conceptions in the task force had to ‘be carefully set 
aside to get at these problems in a basic. and unbiased way. 


In the area of organizational structure the following 
questions were designated as requiring coverage by the 
Five Year Plan: 


(1) The optimum size of operating units (in each 
function). 


(2) The optimum number of similar opérating units 
to be coordinated by one manager. 


(3) The optimum basis for coordinating units 
(e.g., geography, function, or product). 


(4) Given a basis for combining units, che option 
“combination of existing units .. 


ay 


The approach taken to these questions consisted of 
breaking operations down to basic functions and operations 
which are individible from a supervisory point of view. 
The question then was how should these be combined for 
management. The approach was to start combining units 
and functions from the bottom up. Once the first level 
of coordination was determined, then the second could be, 
and so on. This approach would reveal the optimum number 
and location of levels of management. In addition it 
would allow use of different principles of coordination 
in different parts of the organization. This is, this 
approach allowed for the possibility of coordinating some 
operating units by product class, others by function, and 
still others by a combination of these. In this way, it 
became possible to consider types of organizatiorral 
structure other than the purely product-department or 
functional-department type. The final recommendations, 
as will be seen, involved a mixture of coordinating 
principles. 


SPECIFICATION OF ORGANIZATIONAL OPERATIONS 


The purpose of organization is to gain or maintain control 
over a complex system of interconnected activities. Control 
means efficient direction toward objectives. To understand 
organizational functioning, "control" had to be analyzed. 
At this point discussions in the task force became 
theoretical and philosophical. Basic concepts in servo- 
mechanism and decision theory were being explored. As a 
result of these discussions, the control function was 
divided into the following steps: 


{1) Initiating recommendations for change: a 
question of responsibility {an administrative function). 


(2) Accepting or rejecting recommendations: a 
question of authority {a legislative function). 


(3) Carrying out decisions: a question of 
responsibility (also an administrative function). 


(4) Evaluating the policies or courses of action 


in operation: a question of responsibility (a judiciary 
function). 


These steps constitute a cycle since out of evaluation | 
comes recommendations. The generality of these steps 


and their pertinence to other areas such as politics is 
apparent. 


| 


The first question concerning these phases of the decision- 
making and control process is: Who shall perform them? 

The “who" does not call for one or more individuals by 
name, but by function; for example, the unit manager, the 
coordinating manager, the administrative manager, the 
general manager. The second question involves the organ- 
ization of those invelved into a decision-making and 
control procedure. These procedures are sequential in 
time, so the order of the steps must be specified. 


ce those who should be involved in a decision are 
specified, their role must be specified. For example, if 
the first manager in the sequence approves a recommendation, ~- 
is any further approval necessary? Or, if he disapproves 
is this the end of the matter or does it go on? Analysis 
showed that each of the possible decision-making organ- 
izations couid be specified by answering three questions: 


(1) Whose approval or disapproval is to be solicited 
and in what order? 


‘2; Whose approval is necessary for initiating action? 
(3) Whose approval is sufficient for initiating action? 


The answer to these questions depends on the organizational 
structure, in particular the number of management levels 
and the scope of each level. Since the task force did not 
know what organizational structure would be revealed as 
best by the study, the question concerning decision-making 
would have to be explored for each type of organizational 
structure. 


Obviously the same decision-making organization cannot 

apply with equal efficiency to all tynes of decisions. It 

was not feasible, however, to considemtall vossible 

decisions thatrequire management attention. Consequently, 
some classification of potential management decisions had 

to be provided. The previous analysis of the parts of 

the five-year plan provided a basis for such a classification. 
The resulting classification was as follows: 


(1) Matters affecting the organizational status and 
stature of all managers. 


(2) Matters pertaining to the organization and 
operation of an operating unit. 
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(3) Authority and responsibility of Home Office 
Service Units on matters affecting Operating Units and 
Coordinating Units. 


(4) Matters pertaining to Lamp Products which involve 
more than one function (i.e., marketing, manufacturing, 
and engineering). 


(5) Matters pertaining to Lamp Components which 
involve one or more functions devoted to finished lamps 
as well as component organizational units. 


In each one of these categories a further breakdown was 
obtained along a scale of importance. The scale of 
importance was defined by use of three criteria: 

2} the amount of money involved in the decision, | 
2) the number of organizational units affected by the 
decision, and (3) the duration of the effect. 


DESIGN OF DATA CORRECTION AND ANALYSIS 


The second stage of the project, which took approximately 
three months and which can only be touched lightly in a 
report of this kind, involves the design of the data 
collection and analysis. Essentially there were three 
kinds of data collection procedures developed. First, 

the task force had to estimate what would happen if the 
Division operated with no changes. In order to evaluate 
any proposed plan of change it was necessary to compare the 
estimated outcome of the proposal with estimates of what 
would happen if no changes were made. 


Fortunately, the Division's Marketing Research Department 
is one of the best known in the country. Its director 

is one of the most competent people in the field. There 
was no reason to expect that anybody at Case or in the 
task force could do a better job than this group in 
determining where the business was going for each of the 
next five years if nothing was done. Consequently, this 
forecasting was turné@*ever to the marketing research 
staff and they prepared a set of estimates which became 

a base from which the task force operated. These estimates 
were checked by all managers in the marketing department. 
Where there were large discrepancies of opinion based on 
more than feéling, a careful investigation was conducted 
and necessary adjustments in the estimatés were made. For 
example, some of the field marketing peaple knew of 
specific competitive developments which t effect 
future sales volume. These were studied and;in at least 
one case and adjustment in the: forecast was required. 
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It might also be mentioned that the forecasting 6f the 
marketing managers was checked by asking them-to estimate 
business in a past period, figures on which~-were not yet 
available to them but which were available to the task 
force. 


Secondly, as already indicated, information on resources 
including the cost of acquiring resources required at 
various levels of business operation was turned over to 
a special group and that material was being accumulated 
while the rest of the problem was being formulated. 


Finally there was a considerable number of questions that 
had to be answered which, if they were to be answered by 
the best methods that were known, would probably have 
taken about ten years ?*”This is not an exaggeration. 
Consequently, the problem was how the task force could 

in a relatively short period of time get any meaningful 
data on effectiveness of ioperating policies, organizational 
structure, etc. It was apparent that the task force had 
to resort to a questionnaire. A questionnaire would have 
to be used to get information from informed sources, 
information which would provide ‘the basis for evaluating 
alternatives. The task forcé was well aware of the danger 
of the use of the questionnaire. ' 


The criteria that were used in the construction of this 
questionnaire were as follows: (If these look simple-~- 
minded and obvious, an effort to construct a questionnaire 
that would satisfy these conditions will prove the contrary.) 


First of all, the questionnaire was to include no question 
the answer to which would have no effect on the recommend- 
ations. Tne task force insisted on being able to demonstrate 
how each set of answers would be used before the question 

was included. Explicit instructions for the use of the 
answers ofeach question were prepared in advance. This 
involved consideration of each possible set of answers 

that the question could receive and what these answers 

would imply with regard to the ultimate recommendations. 


Secondly, the questions had to be questions of fact, 

rather thar questions of attitude. No one was to be : 
asked such a question as, "Do you think it's better to 
organize units on the basis of product similarity or 
functional similarity?" The respondent must be given a 
criterion of measurement for each question and his answer 

was to be based on knowledge or an estimate of this measure. 
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Thirdly, every question had to be in such a form that the 
answers to it could be subjected to quantitative analysis. 
This would provide measures of the reliability of the 
answers; that is, an ability to determine if there was 
consistency among the respondents to the questionnaire. 
Furthermore, by designing redundancy into the questionnaire 
a check on the reiiability of individual subjects was 
obtained. 


Another problem was how to be sure that any preconceptions 
possessed by members of the task force were not included 
in the questionnaire. Initially, the task force was 
relatively homogeneous in what it thought its ultimate 
recommendations were going to be, but considerable 
differences of opinions developed among its members as 

to what the ultimate recommendations would be. The 
objectivity of the questionnaire was checked by giving it 
to a number of the members of Case's O.R. Group, individuals 
who had not been involved in this study in any way. They 
were explained the underlying structure of the estionnaire 
and they were told the task force had decided what the 
objectives were going to be, what policies were going to 
be used, what the organizational structure was going to 

be and what the decision-making procedure was going to be. 
They were to study the questionnaire and to determine from 
it what the recommendations were going to be. Not one of 
the receivers of the questionnaire was able to formulate 
any consistent concept of a bias in the questionnaire. The 
task force then felt relatively sure that there were no 
leading questions. The results certainly supported this 
belief because in most areas the results obtained were 
completely different from those that had been anticipated 
in the early stages of the project. 


As this questionnaire was being prepared, not only was the 
procedure for analyzing each item being worked out, but 

the forms on which the results would be tabulated were also 
completely prepared. The clerks were trained for the 
tabulation of the results while the questionnaire was in 
the hands of the respondents. 


Although there were over 500 questions in this questionnaire, 
only one question yielded unusable answers. This one: 
question turned out to be ambiguous. 


ADMINISTRATION OF THE QUESTIONNAIRE 


The task force now felt that it had within its grasp the 
tools that would provide the answers that were needed to 
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Gevelop a five-year plan. A list of the key members of 

the division whose opinions would be solicited was prepared. 
The guestionnaire was printed, bound, and made ready to go. 
Here the task foree anticipated a danger. If this cold, 
imposing three inch questionnaire was sent out without 

any preconditioning or explanation, it could be a colossal 
flop. Arrangements were therefore made for members of the 
task force to meet with the intended respondents. The 

task force organized itself into teams of two and started 
on the “wear tux, willing to travel" circuit. These teams 
met with the intended respondents in centraily located 
cities througrout the country. They met with not more than 
5 of the 168 respondents at one time. The meetings lasted 
for a full day and usually ran far into the night. The 
meetings were opened with a review of the purpose anc the 
charter of the task force and what it was trying to do. 
Reasons were given for soliciting the cpinions of the 
intended respondents. The questionnaire was reviewed, 

page by page, question by question. Every point was reviewed 
to make sure that the questions were completely understood 
and the respondents were asked to make any notes that they 
cared to on their copy of the questionnaire which was 
presented to them during this meeting. 


The measuring and intention of each question was discussed. 
For example, one question asked the respondent to suppose 
that the then current Glass Department was to be divided 
into three parts. He was asked how he would assign the 
various products--there were approximately 50 of them-- 
into these three preconceived product departments? Iv 
was made very cliear to the respondents that the question 
was designed to explore the homogeneity of the products 
being manufactured and in no way did an answer to this 
question constitute an endorsement by the respondent of 
product departments, 


Such care was taken because there was a great deal of 
native pride and ieyalty to the Division as it had been 
constituted. In light of this strong feeling it would 
not have been wise merely to ask, "How could you group 
the glass products into three product departments?" Only 
by properly motiveting the respondents could information 
be obtained which could be used to determine which were 
the homogeneous proaucts from different points of view-- 
the engineering, marketing, manufacturing, warehousing, 
shipping, etc. 


Each of the intended respondents was given a complete 
questionnaire. Some of the questions were on subjects 
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concerning which any one respondent had virtually no 
knowleage. But each one was given the opportunity to 
answer every question. He was also free not to answer 
any question if he felt he was not competent to give an 
informed answer. 


The respondents were given one month to fill in the 
questionnaire. The average time spent on the questionnaire 
was about 48 hours. These respondents had other jobs; 

they were sales district managers, engineers. They 
continued to operate the business on a day-to-day basis. 

In addition, they were encouraged to consult anyone they 
cared to. It was emphasized that the questions, sought 
information, not votes. In some cases respondents’ worked 
together in preparing their answers, but even in these 
cases the answers were not completely similar. 


While waiting for the questionnaire to be returned, the 
task force continued to work. It-did such things as visit 
the Division's allied industries, industries whose future 
activity would affect the Division's business. 


The completed questionnaires were eventually received. 
Collation and tabulation were begun. A pretrained group 
of about eight checked answers for their reliability. 


The data obtained were used as a basis for specifying 
objectives, operating policies, and resource: requirements 
for each function of the business relative to each product 
line. This was done as follows. Various combinations of 
sales volume, quality level, productivity level, and rate 
of product innovation were examined to determine the profit 
associated with each combination over the five year period. 
The profit was estimated by subtracting from the associated 
forecasted sales volumes, the appropriate operating costs, 
and capital expenditures. Determination of the appropriate 
operating costs and capital expenditures in turn required 
determining which combination of operating policies would 
yield the specified sales volume, etc., at minimum cost. 
That combination of sales volume, quality, productivity, 
and inriovation objectives which yielded the greatest 
expected profit was selected for each product line. 


Once this had been done for each product line the require- 
ments for additional resources for each product line were 
brought together and an over-all plan for expansion of 
resources was developed. This analysis showed, for 
example, that even if all plants were operated at 100% 
capacity they could not produce the volume of products 
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forecasted if the new policies were used. The need for 
immediate expansion of facilities, which had not been 
previously appreciated, was clearly established. Details 
for this expansion were drawn up. 


The data obtained were then used to determine what 
organizational structure would yield the highest prob- 
ability of attaining the specified objectives with the 
specified operating policies and resources. This was 
done by starting with the operating elements of the 
organization and determining from the Gata obtained how 
best to combine these eiements fei control purposes. 
This procedure was carried out to successively higher 
organizational levels. 


The data obtained indicated that the principal short- 
coming of the existing organization was its sluggishness 
in responding to changes in the market due to competition, 
consumers, cr cther sources. An organization had tc be 
developed which could quickly adjust itself to changing 
conditions. The pusiness of the Division had outgrown 
the existing organizational structure. Decisions could 
not be made as rapidly as was required. Perhaps, most 
important, decisions were being made at too general a 
level. For example, cecisions affecting the marketing 
all products tended to be made in terms of the highest- 
volume product line, so-called "large lamps". Such a 
aecision, aithougr good for the large-lamp business, 

was frequently harmful, for exampie for the photo-lamp 
business. The ettempt to remecy this situation is 
reflected in the crganizational structure which this 
analysis revealed as the best. 


The organization structure recommended consisted of six 
product departments and three contributing departments. 
Eaen of the six product departments was to be a self 
sufficient organization and could be a business in 
itself, were it not within the G.E. structure. Each 
had a4 sales voiume sufficient to realize a prorit adequate 
to maintain a complete organization of engineering, 
finance, etc. Esch had growth potential and each would 
have the responsibility ror engineering, manufacturing, 
marketing, finance, and employee relations. These six 
product departments were constructed so that no product 
department infringed to any major degree upon the 
responsibilities of any other product cepartment. They 
were businesses within themselves. 
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The major portion of the income of the division comes 
from the sale of finished lamps through regular commercial 
channels. Three finished lamp product departments were 
recommended. First, a large-lamp product department was 
recommended, a department which would produce and market 
the kinds of lamps most frequently seen in houses, office 
buildings, stores, etc. The second department was to be 
responsible for miniature lamp products which include 
lamps which operate off of a portable power unit such as 
those used in automobiles, flashlights, aeroplanes, etc. 
The third department was responsible for photo lamps 
which are primariiy used for photographic purposes. 


Three parts departments were also established. The 
Glass Department, Lemp Wire and Phosphors Department, 
Lamp Leads and Bases Department. These three depart- 
ments are to be responsible for manufacturing most of 
the components that are used by the three product 
departments. 


In addition, three "contributing" departments were 


recommended: an Advanced Lamp Laboratory: 
the legal Department; and a Len: tic 

Bach of these operations is very costly anc ° S.2nte 
and investments in each could not feaS8ibiv ~ervroduced 
for each of the product 44 
approach and interpretation dm tne of 


knowledge which is required could better be obtained on 
a divisional basis rather than within each of the 
departments. 


The over-all recommendations were submitted to the 
Division's general manager in October, 1954. Minor 
modifications were made by him and corporate management. 


In January Sth, 1955, the new organization structure, 

and the 1958 cbhjectives were announced to the Division's 
key personnel at a management meeting. Fhe year 1955 was 
spent re-organizing in accordance with the task force's 
recommendations. 


Some lamp plants were producing products falling into 
two or three of the new finished product departments. 
These manufacturing activities have to be reallocated to 
appropriate plants so as to have each plamt providing 
for only one department. This reallocation is now about 
80% complete. 


It is too early to evaluate completely the study reported 
here. Yet certain consequences of the adoption of the 
plan are clear and impressive. The product department 
marketing groups have shown an increased responsiveness 
to the needs of the trade. The same is true of the 
manufacturing and engineering groups. 


The objectives set for the first of the five years were 
met and in some cases surpassed. These and other indi- 
cations to date are all favorable. 


The apparent success of the study "sold" the Division on 
Oo. R. O. R. has been used extensively since. Among 
other studies completed since the one reported on here, 
is one on the allocation of sales effort. 
In the Photo Lamp Department an operation research group 
has been set up and is studying over-all departmental 
problems. It is currently working with the Case O.R. 
group in formulating a long range management research 
program for the department. 
OOO 
SKILLS REQUIRED FOR APPLICATION OF AUTOMATIC DATA PROCESSING SYSTEMS 
Dr. Howard Aiken 
Director, The Computation Laboratory of Harvard University 


Cambridge, Mass. 


NOTE: = It is regretted sincerely that there 
is no manuscript for this particularly 
fine presentation. = Editor 
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SYSTEM SIMULATION 


Wo E. ALBERTS 

Director of Industrial Engineering 
United Air Lines 
Chicago, Tilinois 


BACKGROUND 


The Industrial Engineering Department of United Air Lines has, since 
1940, served as an internal consulting group. The department reports 

to a Vice President of Economic Controls who also heads such functions 
as Economic Forecasting, Market Research, Airplane Schedules, and 

Cost Control. Our concept of the industrial engineering function is 
extremely broad, and included within the department are four divisions - 
Work Analysis, Organization Planning, Regulations and Forms, and 
Operations Research and Applied Science. 


In 195 we became interested in Operations Research. After attending 
several seminars and talking to consultants and people who were doing 
work in the area, we tried to analyze what was new to us about the 
concept, approach and techniquss involved. As you can see by the 
following, we were less impressed with the techniques and complex 
formulas as with the new concepts which jarred us out of old ways 

of thinking and brought new meaning to the scientific approach to 
management problems and decision making. The results of this analysis 
in very simple terms are as follows: 


1. Increased emphasis on first understanding the facts of life 
and trying to determine if a pattern exists. Unlike scientists, 
engineers and business men are usually problem orientated$ too busy 
solving problems and putting out fires to step back and try to 
understand or relate underlying causes. 


2.0 Increased emphasis on looking at the whole rather than the 
bits and pieces which on the surface are causing all the trouble. 
For many this means lifting those departmental curtains which 
fence them in and prevent an over-all look or systemwapproacho 


3. Seek out and apply knowledge from seemingly unrelated areas 
and bodies of knowledge. This includes the assigning of men from 
other fields of endeavor to work on projects and relate the techniques, 
concepts andpatterns found in other sciences to the problems facing us. 


lh. Inereased emphasis on measurement in quantitative terms. The 
human factors and intangibles in our work may in the past have caused 
us to become satisfied too easily in our search for basic measurements 
and in identifying those things which must be measurede 


A 


| 
j 
| 


So Introduction of the concept of variation, probability and the 
interaction of variables. This usually represents a basic change in 
thinking since most of us as a result of our training and experience 
are prone to think in terms of averages and empirical values. These 
concepts also change one's whole approach to the problem of measure= 
mento 


60, The use of mathematical and statistical tools, some of them 
which have been around for a long time and others which have appeared 
under such names as linear programming, queueing line theory, ete. 


7e The concept that a model can be developed to represent er 
simulate a given system or operation. This is probably the most 
important of the new concepts and is often the culmination of the 
previous six. It is this concept that we would like to briefly 
discusso 


The word "model" is not new to the various branches of engineering. 
It has been applied to working proto-types, plant layouts, laboratory 
setups, wind tunnels, etec., but to our knowledge the concept of a 
model which will simulate an entire system representing the inter 
action of men, machines and materials is new. We talk about 
scientific management, yet management does not have the means 
(available in most other sciences) to test, compare, and evaluate 
ideas except by aetual trial which in many eases is practically 
impossible or economically unfeasible. To a business man the physical 
sciences often appear quite complex, yet what is more complex than a 
medern industrial enterprise. 


Models of business operations which do exist at present are extremely 
limited. The organizatien chart is a static model which in reality 
means very little. Process or flow charts, in many cases, represent 
a statis situation, while the accounting medel, one of the oldest, is 
mostly historical. It attempts to keep score and price out according 
to current concepts some of the costs involved. The very complexity 
of the production precess alone in most industries today simply 
demands the development of a means to simulate parts ef the whole 
operationo Management has a right to expect a method or a tool that 
will enable them to test their ideas and various alternatives so that 


they may have a better basis for making decisions and calculating the 
risks involved. 


THE CONCEPT 


Onee one becomes aware of the fact that the variation in a system can 
be measured, the probability of eccurrence determined, and the exis- 
tence of eértain patterns realized, the method of simulating systems 
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becomes apparent. The measurement of the. variable factors in an 
operation must be approached in a practical mannere First of all 
we must face up to the fact that we must measure life as it is and 
in a way that it can be measured. We can't wait for the social 
scientists to completely figure out the human being. Although 

we may be far from measuring detail causes and why people do certain 
things, we certainly can at this time measure what they do and 

face up to those facts in any given situation. Many of our headaches 
are caused by idealizing each situation and not recognizing the 
facts that are staring us in the face and the interaction of the 
variables involved. There will be those who say that you can't 
measure certain intangibles or judgment areas, but here, too, we 
can take a practical approach and get together with management to 

at least assign values which will be acceptable to them and con= 
sistent with their objectives. 


THE METHOD 


Tn ‘some cases an operation can be completely represented by a mathe- 
matical model; however, we have found that in a complex business 
operation a straightforward logical model must often be usede Once 

the pattern in an operation is determined, the key variables along 

it measured, their probability and relationships determined, and 

the logical or decision rules developed, all the means are present 

to simulate the svstem, utilizing what has been called the Monte Carlo 
method. Those things which happen in life in a random fashion can 

be simulated by coding their probability of occurrence and then drawing 
random numbers from a table or computer to breathe life back into 

theme Where definite relationships exist, they can be stated. Due to 
the complexity of many problems, an electronic computer is the only 
practical device that will follow the necessary logic, handle the 

large volume of repetitive steps, and combine the various probabilities 
so that the resultant interaction can be determined. Once a model has 
shown that it simulates life it can be used to test various ideas or 
plans by varying one item of the input to determine the effect on 
various outputs which the model has been asked to produces There are, 
of course, limitations and great judgment must be exercised in the 
development and use of the model. 


Probably the best way to illustrate this concept of system simulation is 
to briefly teli you about a project we have been working on. 


THE PROJECT 


In July 1954 we decided to undertake a full-blow operations research 
approach to our system aircraft routing and maintenance problem. We had 
been told to start off on a small problem; however, we decided to tackle 
one of the most. complex ones in the whole company. Our management, 

with a great deal of visdem, acreed to underwrite this project with very 
little promise of what might be their return. As members of the 
research team we picked Mr. Stan Nowlan, our Superintendent of Flight 
Operations Fngineering, who is 2 top-notch aerodynamist with an excellent 
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background in higher mathematics. He was from our San Francisee 
Engineering Department. Then, a 25 year veteran in the Flight 
Operations field, Mr. Tom Plunkett, from our System Flight Dispateh 
Manager's group at our Denver Operating Baseo Recognizing the 
importance of statistical techniques, we assigned our Staff Super=- 
intendent - Quality Control, Mr. Win Dalleck, and in addition, an 
Industrial Engineer, Mr. John Porter, who had a good deal of 
experience working on system problems. 


The project involved a basic study of the whole process of providing 
serviceable aircraft to meet schedules over our 14,000 mile systemo 
Our first objective was to determine and analyze the true nature of 
that operation and measure the variables which existed. The second 
was to develop a means or a model which could be used to test the 
effect of changes in policy, maintenance concept, schedules, facili- 
ties. and manpower. It is important here to note that we started out 
to do research and to first understand, not to formulate or study, a 
particular problem. We didn't want to sub-optimize, as it is 
generally termed, or to force any part of the operation into a par= 
ticular form through use of a certain technique. 


APPROACH 


As is our practice, a detailed approach was prepared and the project 
started with the team interviewing over 100 people who were directly 
concerned with the aircraft routing and line maintenance functions. 
With this background the team proceeded to evaluate all existing data. 
In applying basic questions to the operation and following them through 
to the point where data needs were defined, it was found that praeti- 
cally none of the data needed was available or in the desired forme 
This experience will, we feel, be duplicated in many industries ani 
points up how little data is being gathered today which really measures 
an operation and enables management to manage versus that required to 
satisfy legal, aecounting, government agency, and staff needs. 


To obtain the necessary data, three special forms were designed and 
field people briefed in their preparation. Over four months! \, data 
was then collected from our major service stations and eheeked for bias. 


As the study progressed, it soon became apparent that the key to our 
system lay within each major service station. It also was obvious that 
a definite flow or work process existed at each station and we made 
sure that the variability, nature and probability of key factors at 
each significant point along that flow was measured. 


For example, our Flight Schedule represents the schedule input and 
output to a station but we knew that the actual arrival times varied. 
So as a result we came up with a variability table which showed the 
full range of deviation from schedule; in other words, the probability 
of an air¢raft arriving 20 minutes late, 30 minutes early, etc. This 
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chart, although a simple one, was in reality a realistic measure of 
our entire operation as our customers see ite 


We went on to determine the probability of the different types of 
maintenance work that would have to be done on an arrival, and the 
variation in the different types of work that would be required, 
both what we call routine and non-routine work. We even measured 
the variation in the number of men actually available to work from 
those on the payroll. 


It soon became apparent that, as a result of the station flow and 
our measurement of it, we had all we needed to construct a model 
that would simulate an entire station operation. We wound up 
Phase I in June of 1955 and presented the findings in a two-hour 
illustrated presentation to 200 of our management and field people. 


Phase II, or detailing the logic of the station model, was completed 
in January and turned over to IBM's service bureau for programming 
on their new 70, computer in New York. 


Although we tried to use mathematieal techniques, we found that our 
problem was best simulated by the Monte Carlo method using random 
numbers to breathelife into the actual probabilities we had 
gathered from our stations. In working with IBM we find that we 
have tackled probably one of the biggest problems of simulation 
that they have run up against. The risk is great but the potential 
of the model as a management tool is tremendous. 


The station model as it will be set up on the 70) computer will 
enable us to simulate several months of actual operation, say, at 

a station like Newark,in a matter of minutes. By varying the input 
of such items as manpower, facilities, schedule or maintenance 
policies, we hope to compare outputs and get an indication as to 
the best course of action. As output the model will give us such 
things as idle manpower, utilization of maintenance docks, schedule 
delays, maintenance working and waiting time, etc. Management has 
numerous questions to ask this model which, with the substitution ef 
the proper data, is good for any one of our stations. 


Without even operating the model, we have found, for example, that 
we can take portions of our data and combining probabilities by hand, 
determine information vital to our operation. 


& CHALLENGE 


If a science of managing is ever to emerge, a way must be found to 
better predict the consequences of changes in our industrial system. 
Managers are finding the trial and error method too expensive and 


are leoking for a means to test their ideas, calculate risks and 
predict results. Models which dynamically simulate integrated systems 
of men, machines and materials can help satisfy these needse The 
concept, the method, and the means are available. It is up to men 

of imagination and perseverence to apply and shape this teol. System 
simulation may well represent the next significant step forward in 
seientifie managemento 
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IMPLICATIONS OF CURRENT DEVELOPMENT TRENDS 


Samuel N. Alexander 
Chief, Data Processing Systems Division 
National Bureau of Standards 
Washington, D. C. 


As the luncheon speaker said, since all the mistakes in the intro- 
cuction were in my favor, I will not attempt te correct them -- 
with one exception. In the presence of such a famous pioneer as 
Prof. Aiken, I can't let go unchallenged the siatement that ours 
was the first data processing machine. We were decidedly late 
comers in comparison to the picneer work of Prof. Aiken. We 
were very happy, however, to be the first of the group in the head- 
long rush after the war to get an all-electronic system into pro- 
ductive operation. 


in speaking to a group of industrial engineers, I think I can sense 

a community of interest in the fact that the modern data processing 
equipment, now moving into office activities and soon to move into 
the industrial control activities, has many items in common with 
respect to manner of thinking. To do an effective job in the pro- 
cessing of the information on the paper that flows through an office 
requires am analysis and a point of view not far different from that 
which the industrial engineer applies to the design of processing 
systems for material things, It has only been a short number of 
years that we have had the tools and the attitudes that led us to 

taik about mass production of information in somewhat the same 
sense 28 we talk about mass production of material items. Because 
of these similarities, | think that this is a particularly fruitful field 
for men with industrial engineering training to interest themselves. 


My topic, ‘The Implications of Current Development Trends", 
sounds quite specific. [ am going to take a iew liberties and be 


rather general in my interpretation of these development trends. 1 


wiil stari by pointing out that we are just emerging from a period 
that was characterized by a determined effort to make better use of 
what we have. Until now the computer design engineers have depended 
heavily upon technical borrowings frorn the electronics of the communi- 
cation and the entertainment fields, and they have done an amazingly 
good job of devising usabie equipment out of elements that were not 
developed for a such purpose. 
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An important question that worried many of us during the early develop- 
ment days was whether there was adequate reliability inherent in the 
components from which we were attempting to build these digital com- 
puters. Almost everywhere you turned there was lack of adequate in- 
formation about those reliability characteristics which were going to 

be controlling ones in the success of the computing assemblies being 
planned. Just how reliable need they be? To avoid going into this topic 
in detail, let me use a crude analogy to explain why this caused such 
concern; Imagine that you were designing television sets with a mar- 
keting agreement that said that for every 500 television sets delivered 
the failure of any one in the lot to perform was adequate justification 

to return all of them. This is approximately the level of reliability 
that holds for the design of an assembly of electronics sufficient to 
serve the functions of an electronic data processor; one must work to- 
ward a level of over-all reliability that would correspond to requiring 
that either all 500 television sets function concurrently or else none 

of them would be acceptable. 


It was somewhat unexpected that the available electronic techniques 

and components could be readily adapted to this level of reliability 

for the task. A combination of careful design and intelligent schemes 

for maintenance and operation have resulted in truly remarkable per- 
formance records for a number of the more recent computer installations. 
There are reported productive operating figures, stated as a percentage 
of scheduled time, consistently above 80 percent, and often wellabove 

90 percent. Even where "around-the-clock" scheduling has been required 
to handle peak work loads, with only emergency maintenance permitted, 
productive operating percentages of better than 70 percent of the 168 
hours in the week have been achieved. 


Even after making reasonable allowance for excessive pride of accom- 
plishment, these_are gratifyingly fine performance reports from the 
equipment that resulted from the first round of electronic computer 
development. This provides a substantial basis of accomplishment 
from which to proceed. lam going to defer discussing the topic of 

the new technology that is being created by simply pointing out that we 
now are beginning to design with components and devices that have been 
developed with the reliability considerations of the computer field 
specifically in mind. 


Let us consider again this matter of making fuller use of what is now 
available. This applies with particular force to the application of 
computer technology to areas outside that of scientific and engineering 
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calculations. Where these applications pertain to the mechanization 
of office and factory-type paper work, the generic term of data pro- 
cessing has been applied. fost of the machine features needed to 
carry out calculations are needed tor data processing tasks. How- 
ever, data processing activities call for a shift in relative emphasis 
from calculating power only to the expeditious handling and storing 
of large voiumes of data. This shift in emphasis tends to manifest 
itself in the appearance of a variety of terminal equipment that has 
been added to the central computer. In addition, peripheral equip- 
ment is needed for the transcription of a variety of forms of source data 
for entry into the machine and the subsequent transcription of the pro- 
cessed data. Because most of these devices have been added toa 
central computing facility, only recently has serious consideration 
been piven to organizing the central facility to provide a more effective 
over-all system of processor, terminal equipment, and peripheral 
equipment. 


One of the most important terminal equipments attached to the com- 
puter has been the magnetic tape units that are controllable from 
within the computer through its internal program of instructions. 

The magnetic tape units have provided an effective means by which 
rapid transfer of large volumes of data can be attained between the 
inside oi the computer and the cuiside world, The high data transfer 
rates made possibile through the use o. these "mw roli" type magnetic 
files have opened the way for the mechanization of a number of office 
and factory paper work procedures. However, the information that 
appears on these magnetic tapes cannot be sensed directly. For this 
reason, specialized means are needed to transfer the source informa- 
tien from the outside world and deliver back to it the processed in- 
formation. To this end a group of both peripheral equipment and 
specialized terminal equipment have appeared in order to take ad- 
vantage of the exceptional performance of the rnagnetic tape units. 


The mest dramatic of these peripheral units are the new high-speed 


printers, These have attained surprisingly high levels of performance 
-- of the order of ten lines of printing per second and still higher per- 
formance is in immediate prospect Che outpouring of information in 


one second represented by ten lines of printing, each having as many 
as 100 characters, leads one to recongider the role of the printed 
record in office transactions. We need to ask ourselves the question: 
is anyone really going to read all of the materiai we now can print? 
Clearly, there are instances in which plenty of people are available 
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to help read this printed material. As an example, the task of exami- 
ning the printed output, if it represents electric utilities bills or in- 
surance premium notices, is well distributed among many people. On 
the other hand, there are instances where there is a tendency to pile 
up reams of papers simply in anticipation that somebody might need 
to examine the record. With the ability to have the pertinent items 
selected from the magnetic tape files at the time it is needed, one 
could plan to restrict the amount of printing to the specific items that 
are needed. Clearly, one must determine whether the cost of convert- 
ing from magnetic file to printed records serves a useful purpose in 
the light of:these new capabilities. 


The high-speed printer is a peripheral device that has a direct purpose. 
In contrast, there are comparatively elaborate peripheral devices that 
only serve an intermediate purpose, Specific examples are the devices 
used to convert previously punched cards to magnetic tape and the de- 
vices for transferring the completed information on the magnetic tape to 
punched cards, These two devices have been selected for discussion 
because they represent examples of the growing pains associated with 
making the most of available equipment. There are ample sources of 
punched card producing equipment and trained operators for their use. 
Therefore, there is temporary justification for utilizing these resources 
and bridging over to the data processing installations through the card- 
to-tape converter. In addition, we may wish to operate the electronic 
system in conjunction with punched-card installations already in opera- 
tion. Thus, we must transfer the information on the magnetic tapes to 
punched cards for subsequent use. 


These intermediate steps are new potential sources for error and intro- 
duce nontrivial additions to the operating costs. The card-to-tape and 
tape -to-card converters, like the high-speed printers, are peripheral 
equiprnents that are currently priced in the range of $150,000 or higher, 
It is unfortunate that the information cannot conveniently be created in 
the proper form at the outset so that the data processor can use it 
directly. Developments of this sort are under way, but at the moment 
we must use these peripheral equipments in our effort to make effective 
use of what we now have at hand. 


Another area in which we presently must improvise is that of rapidly 
transmitting processed data to the points of planned use and of rapidly 
gathering source data for processing. The available telephone and 
telegraph facilities are being used by employing the punched-card 
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transceiver. However, this is a relatively inadequate tool compared 
with what the data processor could effectively employ. Moreover, it 
requires either punched-card terminal facilities on the processor or 
the use of expensive conversion devices. Here again, there is develop- 
ment under way to provide communication facilities that are compatible 
with the input and output facilities available on the data processor, 
Soon there will be means for transmitting information from magnetic 
tape from one machine site directv through a communication facility 
to a similar tape which is generated for immediate use by the second 
processor located at the receiving terminal. Once this capability 
becomes generally available, an in. 2,rated data processing system 

can be fitted together that will provice prompt and effective operation 
even though major elements of the system are physically separated 

by considerable distance, 


Let us turn our attention from these peripheral equipments back to the 
organization of the centra! date processor. ‘In the main, the organi- 
zation of the processor has oeen an extension of that used for generai- 
purpose calculating machines. Ina few instances, features have been 
aden in recognition of the fact that logical manipulations and the flexible 
con +s. over the magnetic files have comparable importance to the 
arithmetic operations. Thus far, there is no large-scale example of 

a specialized data processing facility that was planned for the massive 
repetitious work loads existing in some office activities. Two such 
exampies that come to mind are those of the life insurance and annuity 
operations ¢ne the public utility building operations. These are the 
kinds of wo.’ loads to which "mass production" techniques should fit 
naturally. Moreover, there is reason to expect that the nature of these 
work loads will not undergo significant change once they have been 
mechanized, Where the foregoing two characteristics are present, 

it is natural to look to the use of specialized cquipment. 


Far more frequently the total office work ioad tends to be made oi a 
variety of tasks. The emphasis and often the composition of these 

asks show seasona! variations. For these fluid situations, the 
flexibility of a syste patterned after a general-purpose data processor 
is to be preterred cover the rigidity of a special-purpose processor. 
The degree of flexibility made possible by the use of electronic tech- 
niques and program-control magnetic tapes is quite remarkable. For 
example, an aircraft firm that lLrecently visited casually referred to 
the execution of several hundred routine engineering design tasks that 
rrose during the course of one 50-hour week. 
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The ease and efficiency with which the data processor can be shifted 
from task to task permits the planning of a sizeable work load that 

is the combination of a number of smaller tasks. Thus, it is 
reasonable for a small or medium-sized organization, having a variety 
of office tasks, to consider using a medium-sized machine in their 
organization. This must be approached in the light of fact that the pre - 
paration of the programs for the machine will require just as much 
effort for a small work load as for a large one. One must recognize 
that the amount of planning and preparation for a machine application 
tends to be primarily dependent on the complexity of the operations 
rather than upon their volume. Indeed, there is a significant cost 
element in the planning and preparation for the use of any sized 

ma. hine in which the integration of a variety of tasks is involved. 


In addition to the planning and preparation effort, there is the arduously 
detailed task of expressing this material in a form suitable for machine 
use. This is normally called coding for the machine. Because this 
has been such a time-consuming task, particularly be ause of the 
identification and correction of coding errors, a procedure known as 
automatic coding has evolved. In this procedure, a great deal of the 
clerical effort associated with the coding can be replaced by machine 
operations. This has the further advantage of permitting the machine 


procedures to be formulated in larger aggregates than the finely detailed 


instructions that the machines require. Obviously, someone has to 
think through the exacting task of preparing the automatic coding pro- 
cedures which will cause the minute machine details to be generated 
from statements of tasks and their interrelationships by the would-be 
machine user. 


Up until now, automatic coding has tended to capitalize on the fact that 
the internal speed of the machines is greater than was needed to be in 
balance with the magnetic tape systems; a reduction of complexity of 
preparation was attained at the price of lower effective machine speed. 
For the more modern tape systems, this exchange may no longer be 
advisable except for elaborate jobs that occur only infrequently in the 
office activities. In scientific and technical work there is often a wide 
variety of smali jobs, a few of which may lead to lengthy machine runs, 
the efficiency of the running process being not nearly so important as 
reduction in preparation costs. The inverse will usuaily be true for 
most office activities, the preparation costs being small compared to 
the integrated operating costs. In this area, operating efficiency is a 
most important characteristic. In the terminology of the industrial 
engineer: a very effective "time and motion" study must be made of 
this repetitious procedure which represents the source of mot of the 
cost. 
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Further improvements in automatic programming techniques are in 
prospect. These will take into consideration the time and motion 
aspects in designing the translational procedures that generate the 
final running codes. These improved procedures should be available 
in the very near future and should be a significant contribution to the 


technology of using data processors for those routine office procedures 
that are in widespread use. 


To supplement the help from automatic coding techniques there is 
further need for an adequate technique for the analysis of the problem 
during the planning and preparation steps. The tool that is most fre- 
quently employed is the flow diagram. These diagrams are similar to 
the flow process diagrams employed in a production operation, but do 
have a few idiosyncrasies that reflect the operation characteristics of 
data processors. Ar industrial engineer would readily adjust to this 
version of a familiar tool. 


As we seek to cope with more intricate situations arising from the niany 
cross-relationships in the flow of the work, there will be a trend toward? 
some form of symbolism. It would be very helpful if there were ways 
tv manipulate these symbols in a manner akin to those of algebraic 
expressions. Then it might be possible to discern the essential logical 
structure of a task independent of its original formulation. Out of this 
might come analytical procedures for relating these tasks, in whole or 
in part, to logically equivalent tasks that have already been formulated. 
if feasible, this would open the way to borrowing from previous work 
and that of contemporaries, and thereby avoid the exnrensive and time- 
consuming effort of reprogramming jobs. At this time, I can only point 
to the need; I know of no successful research aciivily of this sort that 
has been reported. I arn confident that this aspect will demand more 
and more attention as automatic data processing is applied to more 
sophisticated clerical tasks of the office. 


You may wonder about the implied complexity that is not evident in office 
work when compared to such imposing tasks as solving complicated 
mathematical equations. If the machine can solve equations, why isn't 
it more than adequate for the simple humdrum t-sks of the office ? 

The answer is the fact that when a situation can be naturally formulated 
in a set of mathematical equations, a beautiful regularity has been 
observed in or imposed upon the situation. Such regularity almost 
never appears in office procedures. We can look forward to the time 
when we will have a symbolic notation that will be suited to the repre - 
senation of our office procedures in a form that is comparable to those 
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of mathematics. In the meanwhile, we will have to continue to work 
with the relatively crude flow diagrams which, together with appended 
text, contain the logical structure of the processes. 


Whenever one has carefully worked out his office routines for manual 
or even punched card procedures, there is a strong tendency to 

assume that the same work pattern can be transferred to the automatic 
data processing facility with only minor adjustments. Unfortunately, 
this is usually far from true. While as a transition procedure this may 
be helpful in training the staff associated with the new equipment, it 
will almost invariably lead to redoing the work once sufficient expe- 
rience has been gained with the new facility. Occasionally a small voice 
is raised for a careful rethinking of the job patterns and the flow of 
work before electronic processing is attempted. This voice is usually 
disregarded. Indeed, even when the voice is heeded, the importance 
and the magnitude of the rethinking effort are seldom appreciated at 

the outset. More often than not it is interpreted as a fix-up operation 
that make the procedures a little neater and a bit more comprehensive. 


To emphasize the extent to which rethinking may have to be carried, 
consider the following analogy: An emergency has been declared and 
all essential activities are being assigned priorities for manpower 
utilization. Your office activities are to be continued, but obviously 

at a low priority. However, you are surprised at the painfully low 
priority that the survey team assigns: You may retain only those of 
your staff who have had five or more years of supervisory experience; 
all others are assigned to more trgent activities. The senior staff 
remaining must help you build anew with ample replacement personnel 
that are to be brought in from Lower Slobovia. This new staff will have 
visas that are valid only for the duration of the emergency, after which 
they are to be sent back. Thus, these people wi!l have no future to 
look to and will not be motivated to improvement and growth through 
identification with your organization. 


Morecver, you learn that public schooling ends in Lowe= Slobovia with 
the fifth grade. You can only depend upon these people to add, subtract, 
multiply, and divide; write legibly and read what they have written; 
and respond to simple instructions! Since they were raised in an 
environment that has given them an unusual respect for authority, you 
can also depend on them to carry out instructions as they are given. 
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While conscientious and reliable, they tend to be completely literal- 
minded and will do nothing other than what has been explicitly assigned 
for them to do. 


To add to your burden, very limited language skills are imparted to 
therm in their school system. To offset this, the new staff is to be 
taught to respond to, but not understand, about 50 simple statements 
during the time that they are in passage. All of your office procedures 
must be expressed by means of a selected sequence of these 50 state - 
ments, which are known to be logically sufficient for the purpose. 
While it is possible to add a limited number of new statements or re- 
define the desired response after they have reported for duty, this is 
not advisable because such adjustments come slowly to this staff and 
lead to a period of confusion betwen them and the supervisors. 
However, there is one statement that cannot be included: "You see 
what I mean, don't you? O.K., now you take it from here." 


Now for the crowning restriction! Upon their arrival, the Public 

Health officials notify you that all of the new staff have been found to 

be carriers of a dangerous contagious disease to which they have become 
immune. It will be necessary always to keep them in an isolated 
location so that no Americans can come in direct contact with them. 
This means that all of your procedures must be carefully adjusted to 
function effectively even though ail communications and work assign- 
ments between your supervisors and this new staff must be conducted 
through telegraph messages. 


This then is the specialized character of the new staff with which you 
must now operate your activity. You must rethink al! of your pro- 
cedures so that your routine clerical activities can effectively make 

use of this staff. Obviously, few of us have had occasion to organize 
our work to cope with such conditions. While it is not a task beyond 

the doing, it is a task for which there is almost no body of previous 
experience. In the light of this analogy, it is both reasonable and 
prudent to examine thoughtfully whether an existing efficient manual 
system can profitably be transferred to this kind of automatic processor. 
Indeed, if one follows the above analogy through in relation to the 
‘optimistic prognosis for the impending impact of computer techniques in 
the office, it follows that this "new staff" can be organized to do the job 
both better and at a lower cost. Certainly, one must be aware that this 
prognosis may prove to be an overly simplified estimate of the situation. 


4.9 


In my remaining time I will discuss briefly the newer technology and 
some of its implications. Without doubt, in the next three to five 

years there will be a considerable increase in operating speeds of 

the arithmetic and logic units. Perhaps you have already heard some 
of these claims: speed increases that range between 5 and 20 times 
those now available. This increase will have considerable significance 
to applications in the physical sciences and engineering design. Indeed, 
their special requirements have triggered this new round of effort. 

For the areas of application that are of interest to our discussion here, 
these increases in speed are probably going to be of limited significance. 
At the moment, the existing technology gives far more speed than we 
have learned to employ effectively. However, some of the new tech- 
nology also makes it possible to reduce significantly the heat generatec 
and the size associated with present equipment. This will tend to 
reduce present troublesome installation considerations. 


One technical improvement that is of immediate interest is the comin? 
availability of large amounts of high-speed storage. This should make 
it far easier to plan for and use the processors. Furthermore, this 
large internal storage will open up a wider range of practical applica- 
tions wherein sorting and search are dominant operations. Moreover, 
procedures that are characterized by combinatorial aspects will also 
be more amenable to machine processing. An example of this sort 
arises in connection with the evaluation of all meaningful configurations 
of a production schedule. Even though there is presently lacking an 
analytical means for selecting among these configurations by some 
quasi-mathematical technique, it may be adequate for the moment to 
generate all meaningful situations and then rapidly scan them for the 
ones that have acceptable characteristics. 


In addition to large amounts of high-speed memory, there are situations 
that call for large amounts of iower-speed direct-accees storage. At 
present the approach being taken is through the development of magne - 
tic "files'’ and various forms of magnetic ''books'’. The most important 
exampies are in the fieids of record-keeping and file references. Here 
the daily incidence of search requests are a small fraction of the total 
volume being held. Furthermore, these searches tend to be randomly 
distributed throughout the holdings. This is in contrast to the situation 
for ordinary accounting work where the activity for the period has been 
batched by using cyclic billing procedures and each batch is related to 

a specific range of the total file. Problems to which such techniques 
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would be particularly applicable are represented by requests into a 
personnel file in which the identifying characteristics are not the 
ordinary ones by which the file has been arranged for its routine 
maintenance. 


Along with improved technology, there will need to be considerable 
improvement in the methods that will be used for updating and inter- 
rogating large-volume files. An extreme example of this class of 
work arises in connection with the selective searching of the Patent 
Office holdings and the abstracts of the physical and the biological 
sciences. These interests are supplying incentives for the technical 
developments needed to expedite this application for automatic tech- 
niques. Even the preliminary explorations into these areas have 
raised intricate intellectual concepts as well as challenging technical 
problems. 


Il am pleased to have had this opportunity to address you and tell you 
about subjects which I considered to be of mutual interest. If I have 
neglected any specific area of your interest, I will be happy to try to 
cover these during the Question Period. 


Thank you very much for your interest and attention. 
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"OBJECTIVE TIME STUDY WITH STATISTICAL CONTROLS" 


C.J. Allen, Chief Industrial Engineer, 
Cudahy Brothers Company, Cudahy, Wisconsin 


Meat packing is an industry who jobs are characterized by a great deal of 
skilled manual activity with numerous motions and complex patterns. They 
are also of long duration in that the specifications of the raw material 
and the finished product do not have annual model changes and standards 
set on jobs must be suitable for a long time application. Further, as it 
is natural, the time study group is used as a recruiting ground for 
other managerial positions. In order to obtain a long standing concept 
of ‘hormal" performance, in order to produce engineered standards, 
representing measurement rather than value judgements; standards that 

are consistent and accurate, recourse was made to a modified time study 
technique known as "Objective Rating". In order to maintain controls 

the source of standards, the concept of "normal" present in the minds 

of time study group was documented in a benchmark film loop. Statistical 
procedures were introduced to control (in the statistical sense) the 
application of the concept of standard from period to period. 


Before I get into the detail of the application of the modified time 
study technique and our statistical control I would like to give you an 
insight on the operations performed at Cudahy Brothers Company. The 
plant is located in Cudahy, Wisconsin, a suburb of Milwaukee. Itisa 
complete packing operation from the slaughtering of hogs, calves, lambs 
and cattle to the final processing and packaging of products. We have 
approximately 1400 production employees, of which about 8% are on an 
incentive pay plan. The incentive plan is a standard hour system. These 
standards are applied in several different ways, individual standars, 
small group standards, large group standards and standards applied on 
departmental basis going as high as 80 employees operating on one standard. 


SLIDES 1 - 2 - 3 - 4 - 5 (TYPICAL PLANT OPERATIONS) 


As you can see on the slides just shown, some of our operations such 

as boning and other knife work, have complex motion patterns which are 
very hard to follow and analyze by observation. As might be visualized 

it is very difficult to correctly describe in detail the motion patterns 
followed, therefore we have turned to motion picture films for permanent 
records of the methods used when the standard is established or in many 
cases for actually analyzing the operation and setting the standard. 
"Memo-motion" filming techniques (100 frames per minute or 60 frames per 
minute) have also proved very useful, particularly on long cycle operations 


‘for group analysis. 


The standards were established in 1945, about the same time as the Union, 
The United Packinghouse Workers, - CIO, was recognized at the Cudahy 
Plant. As a consequence the present labor contract quite completely 
covers the operation of the incentive system. There are only a few 
departments in which the company has not established production standards. 


We do not feel that we have found a perfect answer, to the problem of 
controlling standards. However, I do feel that we have gone a long way 
in improving our rating techniques, and therefore controlling our 
standards. I don't believe that any perfect answer to the rating problem 
will be found, until someone invents a machine, meter, or gadget that 
can be Booked onto the worker being observed’ which will record his pace, 
effort, ami efficiency. I will show to you a technique for improving 
time study rating practices. This technique is a big improvement on 
common practice. It is merely a theory but has been working in our 

plant for over three years. I will show you what it is, how Cudahy 
Brothers Company went about installing it, and what we have achieved 

by using this objective rating procedure. 


We have been troubled in the past with inconsistent standards (from 

inconsistent ratings in addition to other problems), despite considerable i 
practice by our time study men with S.A.M. film and other available 

rating training aids, such as dealing cards, walking and such. In hopes 
of improving the consistency and accuracy of our standards (in order to 
achieve better schedules, a better pricing structure, or a more equitatle 
wage structure, and all the other advantages of accurate standards) we 
decided to try this new technique. 


In many ways perhaps, this new technique is not as new as I may make it 
sound. It is merely a reversal of the steps employed in time study 
rating, but this reversal produces radical differences. 


The common practice for rating performance, in order to level time study, 


requires that the time study man perform the necessary (essentially two) 
steps. 


1. He must judge the difficulty of the job being observed and form 
a mental concept of what normal or standard performance would look like 
on the specific job. 


2. He compares the performance he observes to this mental concept 
of standard performance and places a numerical value on this appraisal. 


Objective time study requires similar steps but in reverse orders 


1. The time study man using objective rating first rates the speed 
of performance in comparison to a standard speed which is the same for 
all jobs regardless of the difficulty. Consequently, this standard of 
speed may be embodied in a single concrete form. 


2. The time study man then adjusts this rated time for the 


difficulty of the job by the application of a table. expressing the ; 
effect of various difficulty in a percentage fashion. 
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This reversal ef the common procedure gives us two unique advantages. 
First, inasmuch as the standard Speed against which judgement is made is 
the same for all jobs, this may be embodied in a single simple film and 
any judgement for rating is made between the performance observed and 
this film or a recollection of ite In other words, any two people rating 
are judging between the same two things, rather than between the perfor- 
mance and an unreliable mental image. The second advantage is that the 
judgement for difficulty is made from a table developed in respect to 
objective factors, producimg a much more consistant adjustment for 
difficulty than is obtained when the entire judgement for difficulty 

is performed mentally than by the time study meno 


These are not idle theoretical claimse I will show you the performance 
of the time study men in our plant, over a 18 months period indicating 
the changes brought about in the accuracy and reliemilityof the rating 
by the introduction of this altered rating procedures 


To get back on the track, and in order to keep things in their proper 
chronological order, let me go through, step by step, the six steps 
used by Cudahy Brothers to convert our time study department to this 

new method of ratinge First course, was the decision by top management 
to alter the method of rating in order to achieve better results. This 
decision was made high enough in the organization to encourage the time 
study men to do their best to comply. Doctor M. E. Mundel, was hired on 
a consulting basis to help install the "Objective Rating" technique 
outlined in his textbook “Motion and Time Study". The dle assistance 

of Dr. Mundel, throughout the installation, and the subsequent follow-up, 
without a doubt contributed immeasurably to its success. 


Second, a very simple job was selected in the plant and a large amount 
of motion film was taken of several operators performing the simple 
task at many different speeds. From the film that was taken 20 film 
loops (endless pisees of film) were made, each showing a different 
speed of performing the same task, using an identical work method. 
These 20 films were selected to display as wide a range of performance on 
this job as possible. Let m= show you one of these Loops. 

(MOTION PICTURE S! OWN 
Third, a rating session was held with key merfbers of top management. 
and all of the time study men. These 20 films were presented to this 
group in random order of pace. The group was requested to consider each 
performance and to answer these questions: Is this operator working 
at a pace sufficient to earn daywork? Is the operator working at a pace 
greater or less than required to earn daywork? Is the worker working 
at a pace such as to merit the typical incentive increment the incentive 
workers are expected to earn? The group was further requested to assign 
a numerical value to each film with a typical incentive worker working 
at a typical incentive pace noted by a 125% rating, this being the 
figure established by the Labor Contracte : 


It has been said many times before that the entire time study procedure 
is a value judgement processo 


This particular rating session to which I am referring certainly 
could be characterized by this term. Management was making a value - 
judgement concerning the pace of work they expected in order to earn 
typical incentive wages. 


However, as I will show you, this one valued judgement is then used 
subsequently as a basis for true measurement of obher jobs. Value 
judgement is, of course, necessary in making the initial basic conversion 
between money and performance. However, if we can reduce value judgement 
to the single occasion when the initial decision is made and subsequently 
perform true measurement, I believe we have made a considerable advance 
in our time study procedure. 


To continue with my description of the rating session, as you might have 
expected, the men were not consistent either with themselves or with 
each other. That is, the different ratings assigned with the different 
films did not accurately reflect the differences in time, nor did the 
men tend to make the same error each time, either in direction or amount. 
Consequently we attempted to mathematically sort out all the ratings 
given us in order to determine what the man was really sayinge A simple 
but extremely helpful mathematical technique was employed. 


As apreliminary step, we assigned a rating arbitrarily to one of the 
films. We then calculated what ratings would have to be assigned to the 
other 19 of the 20 films in order to be consistent with this first 
rating, such that when each film's cycle time was multiplied by its’ 
rating we would get a constant value, this being the essence of con=- 
sistent rating. Thus, we had for each film, an "arbitrary" rating. For 
each film we also obtained an average rating as assigned by the group. 
In order to get a consistent series of ratings best reflecting the 
total opiggion of the group and yet in the correct proportion for each 
film, we said "let us multiply the arbitrary ratings by a value K, such 
that when the group's average ratings are plotted against the corrected 
arbitrary ratings, the sum of the squares of the deviation about a 5 
degree line (the line of absolute consistent rating) will be at a 
minimum". The calculations are relatively ogee and are shown on the 
next slide. (SLIDE) 


Fourth, in our procedure, we return to management at a later session 
with the film, presenting both the films and the rating value which best 
reflected their total concept of mormal and were, for the 20 films, in 
the correct relationship to each cthere The group finally agreed on one 
of the films as representing 100% performance. Consequently, each of the 
other films could be assigned a value representing the performance 
displayed. 


Fifth, in our procedure, 12 of these films were selected to provide a is 
rating scale for the time study department. 


Let me show you how the average ratings from a group compared with the 
best estimate of what they should have assigned. This was in December 


of 19536 (SLIDE) 
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Notice that the entire group tended to rate the low performances too high, 
the high performances toe low. Notice also, the error was considerable. 
This is not a umique phenomenon. It must also be borne in mind that. 

this group represents a highly trained time study department. 


In order to present the scale of speed in a convenient form, to instruct 
the time study men as to what standard speed looked like 12 of these film 
loops were combined into a single film which we call our "Multi- Image 
Film" or "Benchmark Film". This film represents not only a standard 
speed but known variations thereof in order to give a man the scale of 


speed to measure withe (SLIDE SCALE OF SPEEDS) (FIIM OF 12 SPEEDS) 


At Cudahy Brothers Company a loop of this benchmark film was set up 

in the projector in the time study department. The men were given opportunity 
half an hour exposure to it daily until they became thoroughly familiar 
with all these variations of standards speed. It was also made a standard 
practice for each time study man prior to going into the shop to set a 
standard, to refresh his memory of this sale of speed by a quick view of 
the loop. As we advanced further into the procedure this multi~-image 
benchmark became firmly planted in minds of the time study men and it was 
not necessary for them to view this multi~image loop quite as often, 
however, they still view this loop at least once a week and quite 
frequently more ortene 


As a sixth main step installing this new rating procedure, from research 
data available, we presented to the time study group a standard scale of 
“tjyppenente (3) for difficulty as shown in the next slide. 


This data has since been authenticated by actual application in the 
plant and in some cases it was found necessary +o extend the difficulty 
corrections beyond those originally outlined in the table. 


Let me review for you the steps in time study procedure which this 
group is now using: They record the method and observe an operator and 
record time values on the job in the usual manner. However, when it 
comes to the job of rating, they will evaluate the operator's‘rate of 
activity (the rate of acceleration and de-acceleration of his movements) 
not ag@inst what they think could be maintained on this job, but merely 
a comparison of the speeds of performance exhibited on the benchmark 
film loop. They record the relative value as a rating. Whether the 
job is light or heavy the same scale is used. The judgement is between 
the recollection of one single normal speed and the variations thereof, 
as demonstrated on the loop film, rather against what the time study 
men thinks possible on the job. 


# Next, to each element, the time study man adds a percentage taken from 
the table of adjustment, shown previeusly, adding to each element a 
percentage equal to the sum of the highest applicable percentage of 
each of the categories given on the table. 


J 


let us examine the results obtained to this new rating procedure. 
First, I would like to show you again the rating chart of the 
group the first time. 


( SLIDE ) 


Notice the trend. The men are not capable, even as a group, of 
accurately rating even moderate departures fram normal speed. We 
eould even seriously questien the stability of the coneept of normal. 
The next slide shows a group plot for April 1955. It should be 
mentioned that this April plet is with 10 new films of another 
operation s not seen before by the group, hence it is not the 

case of memorizing films. 


(SLIDE) 


Of greater interest though, than this overall rough analysis, is a 
thorough statistical analysis of what happened during these 17 months. 


Each month we test our time study group by asking them to rate a 

set of 10 new films of an operation not previously rated by theme 

We assign correct values to these 10 new films by a procedure similar 
to that used on the first sete In order to get a meaningful statistic, 
whieh would permit real analysis, we took the rating made by each time 
study man en each film and divided it by the rating we should have 
assigned. This gave a pereentage of correct rating assigned. This 
also gave us a statistie which was not a function numerically of the 
particular speed presented. Also, inasmuch as each time study man 
rated 10 films, this permitted us to also compute the range of 

error by mens for the group, standard deviations, etc. For instance, 
let us say on one job he only assigned to one film 76% of the rating 
which he should have assigned, on another film he assigned 126% 

of the correct rating. This gave him a range of error of 50%. For 
the group of 8 men we computed the average percent of correct rating 
of each film and the range of % of correct ratings assigned by the 8 
men for each filme We plotted these on a typical Quality Control 
Chart in order to examine the degree of control (if any) we had and 

to help us determine which particular films apparently had assign= 
able causes of variation (out of control.) 


(SLIDES) 


Note that the out of control conditions displayed on high and low 
ratings and also note the ranges are so large that it is impossible 
to even chart them on this particular forme Let us show you, month 
by month the changes in ratings by éur time study group. 
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Note in March 195 the control pattern radically changed. In April 195) 
we obtained statistical control. By June 195 we not only had control 
but a reduction of control limits. By September 195) the group displayed 
almost a mechanical control pattern. This condition has been maintained 
ever since. In fact, group out of control points when they do occur 
usually indicate a poorly made films 


Let us look at the controls chart from April 1955. 
(SLIDE) 


The group is out of control on one film. Further examination of this 
film indicated that there was a method variation, and that the rating 
was not comparable. In short, the ratings had become more accurate 
than the films which we were producing. 


Tet us also examine the effect of this rating procedure in respect to 
individual time study men. The next slide I have plotted a control 
chart by meno 


(SLIDE) 


Note, that when we began in December 1953, certain of the time study 
men were out of control, that is, the ratings tended to be different 
by more than just chance error would cause, from the group's average 
values. Note, as we proceed, control is finally obtained and in April 
1955 we can say that other than for chance cause differences, the 
standards set any man would be essentially the same. Let us connect 
this with our other control charts. "We may say the standards set in 
our plant are essentially the same regardless of the pace of the 
operator for the time study man doing the rating except for chance 
differences accompanying each such situation". This is now measure- 
ment rather than “value judgment". 


Please note also, that each month, our group was tested with new films 
to prevent the phenomenon which has fooled so many people in the 

field. If time study men =’ are tested by the same films periodically, 
they become so accustomed to the particular values employed that they 
learn to identify them within 1% not by improving their ability to rate, 
but by exercising their memory as to what should be assigned to the 
particular films. 


I should like to indicate several by-productsof this procedure and 


the control sessions. The next control chart is for our time study 
man 


(SLIDE) 
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Time study man "BY" early in the program is erratice First he was too 
loose, then he was too tight, later he was brought under control (rating 
like the rest of the group), but in the process of doing so, his range 
went up again, although it is by no means as high as it was originally. 
(In the early days of program we could not even get him on the chart). 
By having this information at my disposal, I very carefully watched the 
progress of this time study man, and gave him a lot of extra traininge e 
This man has now found himself and has remained under controle ; 


The next slide indicates another interesting phenomenon that we have 
observed several times. 


(SLIDE) 


Time study man "F" as you will note, from early in the program exhibited 
a good degree of control. He was essentially like the group but with 
only chance variation. His range tended to be considerably lower than 
the group, but in April 1955, we suddenly find him out of control on the 
tight side. Further investigation of this result which statistical 
analysis tells us, probably has an assignable cause, indicated this 

man had (due to certain internal procedures in the plant) been passed 
over for a raise and seeking other employment. He was somewhat bitter 
about the plant and in a generally pessimistic mood. This was reflected 
in his ratings. I might add that we have observed this phenomenon several 
times, to the point that we can predict when a time study is going to go 
out of control. We have found that when a time study man is emotionally 
disturbed his ratings go out of control. This has keen very worthwhile 
for use Not that we have used it to say ®stop annoying the time study 
men® but we have certainly avoided putting them into critical situations 
when we know something is disturbing them emotionally. This also has, 
we believe, improved the quality of ours tandards. 


Now as to the overall effect on the plant. Because of the pressure of 

business and the Unions statesmanship-like appreeiiation of the need to 

remain competitive, we have been able to negotiate a contract with 

cur Union giving the management the privilege for the period of one 

year, to modify any or all incentive rates in the plant as necessary 

in order to make them equitable, and in line with the basic concept 

of work pace. Remember, our design objective was to set the standards 

that would produce a 25% incentive earnings when worked at by a skilled 

group diligently exercising itself. The plant is averaging 125%. 

This appears to represent a free working situation, rather than one of 

enforced restriction of output, because of the distribution of hours 

earned. We have been having the plant computing or tabulating equipment b 
while it runs the payrell, pick up the number of hours earned at each b 
percent incentive increment, and I would like to show you on the next : 
Slide, the typical normal distribution attained. L 


(SLIDE) 
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Note, 125% is the approximate midpoint but the range extends all the 
way below 100 to over 150%. This condition is usually obtainable when 
the situation is primarily reflecting normal distribution of individual 
rather than a hetrogenious application of poorly set rates. 


Some additional remarks are in order. We have brought the rating 
process under statistical "control". This is important. A very high 
order of accuracy is possible in those cases where it is economically 
feasible. Since only a chance variation exists between different 

ratings for the same performance, having more than one man rate a 
performance permits us to average the value, increasing the reliability 
of the average. Remember that our rating process is under statistical 
control, and a large percentage of values will be of acceptable accuracy, 
but the "natural tolerance of the process" still permit a chance pram... 
duction of values varying from the true value by more than we would 
desire. Again the statistieal control gained is a great help. Since 
only chance differences exist, an average of several values is better 
than a single rating and in dubious cases we can have several studies 
made. In fact, in April 1955,a11 our ratings of our test films 

when combined, gave us a figure probably accurate to within a few 
percente 


In Summary: The objective time study prosedure I have been attempting 
to show you, employs more or less the same steps as in the normal pre=- 
cedure exsept in reverse order. 


The time study man rates the speed of performance against the standards 
speed without paying attention to the difficulty of the particular job 
being observed and afterwards allowsfor the difficulty of the jeb from a 
table. This permits all time study men to judge betweenthe same two 
things and to adjust for difficulty by means of a systematic, nett 
correctable, comparable method. 


We have brought our time stud'men into statistical control in that 
chance differences exist between rates set on a jeb, by any two time 
study men and only chance differences exist between the stanflards set 
regardless of the speed of performame observed the time the study 
was made@o 


It is my belief that we are approaching a true measurement rather than 
a series of valued judgements. The single initial valued judgment, the 
conversion of performance into money has been performed by top manage=- 
ment, once it should be performed. 


By means of objective rating techniques, statistical control was estab- 
lished and has been maintained. Further, the plant incentive earnings 
presently reflect a chance distribution of employees capacities rather 
than a skewing or bias or restriction of output and the mean of this 


| 


distribution very closely approximates the design point or contract 
concept expectable incentive. The distribution of earnings is in 
statisticalcontrol to the extent where changes in the shape of the 
earning distribution curve usually reflect assignable causes within 
the administration of the plant. 


The existence of statistical control on time study men and on plant 


earnings continually monitor the situation so as to indicate occasions 
when an assignable cause should be sought and remedial action taken. 
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MEASURING WORK BY SAMPLING METHODS 


Ralph M. Barnes 
Professor of Engineering and Production Management 
University of California 
Los Angeles, California 


Random sampling for measuring delays and idle time of men and machines 
has been used in industry for over -twenty years 42 while work sampling 


for establishing time standards for manual tasks is a more recent development. 


L. H. C. Tippett laid the groundwork for the ratio-delay method of measuring 
idle time and our studies as well as those of others seem to indicate that 
random sampling also can be used to measure work. 


Work sampling employs the random sampling theory similar to that used in 
quality control. The method consists of selecting samples at random from 
a large group and when a sufficient number of samples has been selected, 
a prediction is made for the whole group. 


The determination of the percentage of the working day that the operator 
or machine is working or idle is based upon the theory that the percentage 
number of observations recording the man or machine as idle is a reliable 
measure of the percentage time that the operation is in the delay state, 
if sufficient observations are taken. 


What Work Sampling Can Do 


1. Where there is a clear distinction between working time and 
idle time, work sampling will give time standards for repetitive manual 
tasks which are substantially the same as standards obtained by time 
study. 


2. For an activity where a production count is not easy to obtain, 
such as indirect labor operations, it is possible to obtain a performance 


index of the operator studied during the period studied using performance 
sampling 


3. The measurements mentioned above can be made with a pre-assigned 
degree of reliability. 


4. Work can be measured by sampling in many instances in less time 
and at less cost than is required by time study. 


42 See Bibliography at end of paper. 
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5. With work sampling the analyst makes an instant- 
aneous observation of the operator at random intervals 


during the working day, thus making prolonged time studies 
unnecessary. 


6. No stop watch or other timing device is needed for 
work sampling. 


7. Work sampling studies may be made over a period of 
days or weeks, thus decreasing the chance of day-to-day 
or week-to-week variations affecting the results. 


8. This type of study may be interrupted at any time 
without affecting the results. 


9. Even in a plant where methods are not standardized 
and job descriptions are nonexistent, a performance index 
by operator or by department can be obtained. Also, the 
work sampling data could show the percentage of idle time 
and delays, and a breakdown of the various reasons for the 
non-productive time. 


Although sampling can be used for measuring work it should 
be pointed out that time study, elemental data, or motion- 
time data in most instances would be preferred for establishing 
time standards on short cycle repetitive operations. Work 
sampling often can be used profitably for measuring non- 
repetitive operations, activities where people work in 
groups, and activities which do not lend themselves to 
measurement by time study. 


It is possible by work sampling to determine the percent 

of the day that a person is idle and the percent of the day 
that he is working, as well as the average performance 

‘ndex or speed at which he worked during the "working" 
portion of the day. For example,/ assume that John Smith 
works an eight-hour day as a drill press operator. A work 
sampling study might show that he was idle 15% of the day 

or 72 minutes (480 x .15 =%#2) and that he worked the 
remainder of the day, or 408 minutes at an average performance 
index of 110%. If the record shows that he turned out 420 
pieces of acceptable quality during the day then the standard 
time for the operation he performed could be computed as 


Shown in Fig. l. 


The assumption is made that the allowances for this drill 
press operation would be taken from the Company Time Study 
Manual. Seldom would the allowances be the same as the "idle 


time" of the operator during the period the work sampling 
study was made. 


The same rigorous analyses would be required of work 
sampling as of time study in establishing a time standard. 
The method of performing the operation would have to be 
standardized and a detailed written description prepared. 
Quality standards would be required, as well as assurance 
from the foreman that the job was running the way it should. 
During the study the analyst would not only make an instant- 
aneous observation as to whether the operator was working 

or idle but if working, the analyst would rate the operator's 
speed and note whether he was performing a regular part of 
the cycle of work. Information would be obtained as to the 
starting time and quitting time as well as the total number 
of parts of acceptable quality finished during the day. 

The sampling study could be counted upon to measure with a 
pre-assigned degree of accuracy the percentage of the eight- 
hour day that the operator was working on the regular drill 
press operation, and his average performance index or speed 
for the working portion of the day. 


Establishing Time Standard for an Assembly Operation 


The following case’ illustrates how a time standard was 
established on a mechanical sub-assembly operation by work 
sampling. 


Ten operators regularly performed this job and all ten 
were studied during a three-day period. Two hundred-forty 
observations were made each day making a total of 720 
observations. Of this number the analyst found the ten 
operators working 711 times and the»performance index was 
noted and recorded for each of the 711 observations. Nine 
times during the three-day period the analyst observed 

the operators idle. (See Fig. 2). 


As the summary of the results of the study shows (see Fig. 

3) the "Total time expended by the operators", including 
working time and idle time, was 13,650 minutes. The 

working time in percent was 98.7% (711/720 x 100 = 98.7%). 
The remainder or 1.3% was idle time. The number of minutes 
of working time was 13,473 (13,650 x 98.7 = 13,473). During 
this time the ten operators turned out 16,314 sub-assemblies 
of acceptable quality. The average performance index of this 
group was 123.6%. Figure 2 shows a summary of the performance 
index for the 711 observations and shows how the average 
performance index was determined. The computations showing 
how the standard time was determined for this operation are 
given at the bottom of Fig. 3. 
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Some Examples of Work Sampling Applications 


You may be interested in some examples of actual appli- 
cations of work sampling together withthe results of each. 


Work Measurement of a Warehouse Handling Group 


The object of this study was to measure the work and 
install a wage incentive plan for thirty people employed 
in a film warehouse. The time standards were established 
by work sampling. The men were engaged in receiving 
materials, storing and stacking, filling orders, packing, 
shipping, reoperating (opening and repacking for tests, 
etc.), and record keeping. Mark-sensing IBM cards were 
used to aid in collecting and analyzing the data. The 
work measurement and wage incentive installation resulted 
in an annual saving to the company of $45,000.00 per year. 
Considerably less time was required in making this installa- 
tion through the use of work sampling than would have been 
the case had a continuous time study been used.22 


Operations in Fruit Packing Houses 


The work sampling method was used in studies of work in 
deciduous fruit packing houses in California. These 
studies included operations in 22 plants in which the 
number of job classifications varied from 12 to 45 and 
the total number of workers per plant ranged from 25 to 
180. The studies were made to obtain three types of 
data: (1) The proportion of the nonproductive time to 
the total working time, _ Time requirements per work 
unit for specific jobs, 3) The flow pattern in materials 
handling. It is estimated that the field time required 
80 percent less time than would have been necessary to 
obtain a one-day production study of each job.37 


Measurement of Office Work 


The initial study using work sampling was made of four 
girls typing customer invoices in the Central Typing 
Section of an oil refinery. The results of this study 
were so promising that this company has used the work 
sampling technique for establishing performance standards 


for planning and scheduling purposes, for non-financial 


measurement purposes, and for individual wage incentive 
applications. 


Methods Study of Polishing Chromium Chair Parts 


This operation consisted of polishing steel tubing parts 
for chromium kitchen chairs using a sisal buffer. Operators 
worked on this job during the three shifts of the twenty- 
four hour day. As a result of a careful study the very 
best method of polishing each of the parts of the chair 

was developed and the operators were taught to use this 
method. Even though the operators were experienced on 

this work, it was apparent that there was variation in 

the method. The main difference in the method was a 
difference in the number of strokes or passes against the 
polishing wheel per piece. Random sampling was used to 
measure the variation from the standard method which had 
been developed for the job. This enabled the industrial 
engineer to arrive at a new "standard method" for performing 
the polishing operation and this was used as a_basis for 
establishing time standards on this operation. 


Comparison of Working Time Obtained from Time Study and 
from Work Sampling 


This company made an investigation to determine the accuracy 
and the cost of measuring work by time study and by work 
sampling. This organization uses time standards for 
planning and control purposes. The results of two of 

their studies are shown in Fig. 4. Due to the nature of 
the activity the percentage of the day that the operators 
worked was low -- 46.6% as determined by time study and 
44.8% by work sampling in Study No. 1. In Study No. 2 

the percentage was 54.5% and 51.0% respectively. As the 
data in Fig. 4 show, the cost of making work sampling 
studies was much lower than the cost of making time studies. 
The general conclusion resulting from the study was that 

in the future, work sampling should be used instead of 

time study for measuring work -- that work sampling would 
cost only 2.6% as much as time study. 
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PERFORMANCE SAMPLING 


The following is for the most part an abstract of a paper 
published in the November-December 1955 issue of The Journal 
of Industrial Engineering.1 


Introduction 


In 1934 L. H. C. Tippett described a statistical method 
which he had developed in the English textile industry to 
measure operator and machine delays. = R. L. Morrow was 
one of the first people in this country to use Tippett*# 
methods and this technique has come to be known as the 
Ratio-Delay method. 


In 1940 we started our statistical studies of work measure- 
ment, and a summary of some of our findings was published 
in 1950. That report1l8 presented evidence as to the 
reliability, validity, and practicability of the ratio- 
delay method as applied to manufacturing operations in 

this country. Over the years the ratio-delay method has 
found increasing use, and numerous articles have been 
published describing applications of this technique. 


From the outset we believed that sampling could be used 

to measure work and a few people have used sampling for 
this purpose. However, no one has studied the type of 
statistical distribution which is representative of 
performance levels of manually paced operations, nor has 

a specific statistical technique been developed based 
upon the appropriate distribution and which is applicable 
to work measurement. This report contains the results of 
several studies of ours pertaining to performance sampling 
in work measurement, including a comparison of performance 
sampling and time study as means of measuring industrial 
operations. 


General Conclusions 


Our main conclusion is that where there is a clear 
distinction between working time and idle time, work 
sampling will give time standards for repetitive manual 


1. "Performance Sampling in Work Measurement," by 
Ralph M. Barnes and Robert B. Andrews, The Journal of 
Industrial Engineering, Vol. VI, no. 6, pp. 8 - 18, 
November-December, 1955. 
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tasks which are substantially the same as standards obtained 
by time study. Moreover, sampling measurements can be 

made with a pre-assigned reliability. Even in a plant 

where methods are not standardized and where job descriptions 
are nonexistéent a performance index by operator or by 
department can be obtained by work sampling. Also, the 

work sampling data could show the percentage of idle time 

and delays, and a breakdown of the various reasons for the 
nonproductive time. 


We believe that work sampling provides a valuable tool 
for measuring work, and that this simple inexpensive 
method will find wide use in many areas where manual 
work is performed. 
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Objective: 


This project was undertaken to develop a sampling technique 
which would provide an accurate and economical method of 
determining, with a pre-assigned reliability, the perform- 
ance level of labor activities. The technique was to be 
applicable to any well defined physical activity which 
could be affected by the worker's skill and effort. 


Scope of the Investigation: 


The study of the applicability of statistical sampling 
methods to work measurement was divided into three main 
phases: 


I. The investigation of the type of statistical 
distribution which is representative of performance levels 
of manually paced operations. 


II. The development of a specific statistical technique 
based upon the appropriate distribution and applicable to 
work measurement. 


| 


III. The testing of the validity of the proposed 
statistical method by studies actually carried on in 
industrial organizations. 


Phases I and II: 


Detailed descriptions and the results of Phases I and II 
have been published. The investigation of the nature of 
the distribution which is representative of performance 
indices resulted in a strong rejection of the hypothesis 
that such indices are normally distributed.1l1l Because of 
this result, non-parametric methods were used to derive 

the relationships applicable to performance sampling. 

The basic equation grvemcng performance sampling of work 
was determined to be nm = » where the quantities are as 


a 
defined in Appendix 


Phase III - Test of the Validity of Work Measurement by 
Performance Sampling. 


Procedure 


To validate performance sampling as a method of measuring 
work, it would be desirable to compare its results with 
other accepted methods of measuring work. Since time 
study is the most widely used method, performance sampling 
was tested against time study. The procedure for evaluating 
the proposed technique was a comparison of the normal time 
established by performance sampling, for each selected 
operation studied, with its corresponding normal time 
obtained by time study. 


The necessary data were obtained under actual factory 
conditions through the cooperation of several industrial 
organizations. The actual studies were made by experienced 
industrial engineers of the cooperating firms. The studies 
which the participating companies were asked to make 
consisted of four main parts: 


1. The selection of the operation to be studied. 

2. The definition of the elements of the selected 
operation which were to be measured and the establishment 
of a normal time for the defined operation. 

3. The taking of a random sample of: 


a. The productive effort applied to the measured 
work elements. 
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b. The machine-controlled portion of the operation. 


c. The unmeasured work. 
d. The delays, personal, avoidable, and unavoidable. 


4. The compilation of additional necessary information, 
including: 


a. The actual total time spent by each operator in 
the experimental group during the period of the study. 


b. The total number of units of work produced by 
each operator in the experimental group during the period of 
the study. 


The selection of the operation to be studied was based upon 
certain definite requirements: 


1. It must have had a standarized method. 


2. The operators must have been experienced in the particular 
operation and have been following the prescribed method. 


3. An additional restriction was placed upon operations 
which were partially machine controlled. The machine-controlled 
portion must have constituted from 15 to 85% of the total normal 
cycle time. To attain the desired accuracy with the desired 
statistical confidence, machine-controlled portions outside these 
limits would have required a prohibitively large sample size. 


Once the operation to be studied had been selected, it was 
necessary to clearly define the elements to be included in the 
measured work category. In general, the criterion used for 
making this decision was the frequency of occurrence of each 
element. Those elements which occurred at least once each cycle 
were measured. Less frequent elements such as inspection, 
recording production counts, lining trays, etc., were classified 
as unmeasured work. The elimination of these infrequent elements 
tended to increase the reliability of time study. The variation 
in the time duration of such elements is usually greater than in 
cyclical elements. This is particularly significant because the 
number of occurrences of such elements which are timed during a 
time study is typically small. . 


Since only experienced industrial engineers were utilized, 
the exact method of conducting the time study was left to 
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the individual preference of the engineer. It was 
suggested that it be conducted according to the procedure 
regularly employed in the particular plant. It was 
considered essential that the same engineer make both the 
time study and the performance sampling study. This pre- 
caution eliminated one source of possible error -- 
differences between raters in their concept of normal 
performance. 


Another possible source of error was eliminated by 
restricting the validation procedure to only the measured 
portion of the total actual working time. Thus, the 
comparison was made between the normal times established 
by performance sampling and by time study. Allowances 
were not included in the time study and, except for their 
use in ratio-delay analysis, personal, unavoidable and 
avoidable delays were excluded from performance sampling. 
This made it necessary to insure that a sufficient number 
of observations were taken to permit ratio-delay analyses 
to be made with the desired confidence. The number of 
observations necessary to determine the percent of the 
total actual time spent or measured work, within the 
desired accuracy, exceeded that required for performance 
sampling. Hence, the ratio-delay requirement was the 
determining factor in choosing the required sample size 

A sample size of 600 observations was decided upon ¢s a 
compromise between sample reliability and minimizing the 
demands upon the company. This sample size, with 95% 
confidence, resulted in absolute errors of }2.4% and 
#3.2% in the percent of actual time spent on measured 
work when the delays and unmeasured work totalled 10% 

and 20% respectively of the actual time. 


The mmber o® operators, individually measured and 
simultarcously performing the selected operation, 
determined the number of sampling trips required to 

give a total of 600 observations. For example, if 

there were five operators, 120 (5 x 120 = 600) sampling 
rips would be required. Once the number of trips had 
been established, the trip times themselves could be 
determined. The method used to select the sampling times 
was exceedingly important. Estimations of sampling errors 
are dependent upon a knowledge of the probability with 
which individual observations would be included in a 
sample. By simple random sampling, all possible combin- 
ations of observations, comprising a sample of a given 
size, will have equal probabilities of being selected. 
Trip times were randomized to maintain statistical validity. 


4 

. 

Li 
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The procedure used in making the actual performance 
sampling was as follows: 


1. Observations were made of each operator in the 
experimental group at the selected times. 


2. At the instance that the observer viewed each 
operator, the state of the operation was noted. 


a. If the element observed was classified as 
measured work, the operator was rated and his performance 
level was recorded. Appendix III contains a brief 
description of an exploratory study into the effect of 
the length of observation time on performance ratings. 


b. If the operation was in a delay or un- 
measured. work state it so was recorded. 


The engineer making the study was supplied with written 
procedural instructions which included a table of random 
sampling times. Performance sampling data sheets were 
also provided. 


Results 


The results of the studies made are summarized in 

Table I. The following guide to the chart explains each 
column. The illustrative figures are those actually used 
in computing the various quantities for the Company A 
study, line 1 of the Table. 


As an illustration of the results which would have been 
obtained if smaller size samples had been taken, Table I 
includes the results of 50% and 25% sub-samples of each 
full study. These sub-samples were obtained by systematic 
sampling of the original observations of each study. The 
systematic sampling plan for taking the 50% sub-sample 
consisted of selecting at random either 1 or 2 as the 
starting point and taking every second observation there- 
after in the chronological order in which observations were 
originally taken. Similarly for the 25% sub-sample, every 
fourth observation, after a random starting point, was 
ineluded in the sample. 


Figure 5 shows the percent difference between normal time 
obtained by performance sampling and normal time obtained 
from time study for each of the fourteen different industrial 
operations studied. The average difference is 2.5% with 
maximum variations of 415.5% for Study No. F-2 and -6.2% 

for Study C-4. 


+ 


Figure 6 shows similar information for a sample size of 
50% of that shown in Figure 5. In this case the average 
difference is 6.6% with a high of +14.6% and a low of 
-9.2%. Likewise, Figure 7 shows the results when the 
sample size equals to 25% of the original. In this case 


the average difference is 17.6% with a range of 415.0% 
and -9.6%. 


We have observed in actual practice that some people 
appear to get satisfactory results by using a considerably 
smaller sample size than that recommended. Therefore, 

we have included a 50% and a 25% sample in order to 
compare results. 


Conclusions 


The conclusions of our study are presented at the 
beginning of this paper under the title, "What Work 
Sampling Can Do". 


Information Source of Data Data for one day 
[Total tine expended by operator 1,80 mine 

Number of parts produced Inspection Department 420 pieces 
Working time in percent Work sampling 85% 
Idle time in percent Work sampling 15% 
Average performance index Work sampling 10% 
Total allowances Company Time Study Manual 15% 


Total number of pieces produced 


Standard tine par piece [480 9565 x 2610} 1.26 minutes 


Fig. 1. Data sheet and computation of standard time. 
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Average Performance 
Perfurmance 
April 1 | April 2 April 5 | Total Index 
Index 
100 3 6 1 19 100 x10 = 1,000 
105 13 22 9 Lb 1065 x Lh . 4,620 
110 32 21 2k 77 110 x 77 = 8,470 
48 LS 17 110 15 x 110 = 12,650 
47 ug 39 135 120 x 135 = 16,200 
125 27 28 56 ni 12 xlll= 13,875 
130 26 13 22 61 130 x61 * 7,930 
135 15 8 n 3h 135 x 3h = &,590 
15 22 51 = 7,140 
WS 8 20 27 55 U5x55 © 7,975 
150 2 10 il 23 150 x 23 @ 50 
235 237 239 = 123.6 
"Idle" 
Observations 5 3 1 9 
Observations | 240 | 2h0 240 720 
Fig 2. Daily summary and computation shest. 


Information Source of Data Data for Three Day Period 
To time ded ° paere Time cards 13,650 min. 
Number of parts produced Inspection Dept. 16,314 
Working time in percent Work sampling 98.7% 
Idle time in percent Work sampling 1.3% 
Average performance index Work sampling 123.6% 
Total allowances Company Time Study Manual 15% 


Standard time = 
per piece 


Standard time per piece x | 


Fig. 3. 


Total 


time 


Working time} _|Performance index 
x x 
minu in cent in percent [Ar1owances| 


Total number of pieces produced 


13,650 x x 1.236) 100 = 1.20 minutes 


Data sheet and computation of standard time. 
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COMPARISON OF WORKING TIMc OBTAINED 
FROM TIME STUDY AND FROM WORK SAMPLING 


worn 


PERCENT 


STUOY WO 1 


sTuvOr NO 2 


COMPARISON OF COST OF STUDY 


NG STUDY NO 2 
wey 
367 224 2.806 80 
FOR 
PROCESSING 2,508 8 
TOTAL 6.607 236 5.194 
RATIO 20 $910: 
Figure 4 


NDIX I 


TION OF SYMBOLS 


level of significance 
conficence level 
relative kurtosis of the distribution 


‘ariation between the population mean and the 
ample mean 


bsolute sampling error in p,,,, the percent of 
ctual time spent on measured work 


ength of the class intervals of the grouped fre- 
uency distribution 


ttal number of observations 
umber of measured work observations 


umber of rneasured work observations which 
are operator controlled 


ercent of actual time spent on measured work 


2#rcent of measured work time which is 
perator controlled 


pulation standard deviation of performance 
indices 


ample standard deviation of performance indices 


> 


6-14 


> 


At B-) C-i C2 C-3 C-@ CS C6 D-1 E-l F-l H-t 
_ STUDY NUMBER 
Fia 2. Results of Full Studies 
Percent difference between normal time--performance sam- 
pling and nermal time—time study. 


PERCENT DIFFERENCE 


At C-l C2 C3 C4 C5 CH E1 F-l F2 Gl 
STUDY NUMBER 
Fig. 3. Results of 50 Percent Sub-Samples 
Percent. difference between norma! time—performance sam- 
pling and normal time--time study. 


PERCENT DIFFERENCE 


at C+ C2 C3 C4 CS CO Dt E-t F4 F2 GH 
STUDY NUMBER 
Fig. 4. Results of 25 Percent Sub-Samples 
Percent difference bet ween normal time—petformance sampling 
and normal time—time study. 


G, = standard deviation of the distribution of sample 
standard deviations 


standard deviation of the distribution of sample 


x 
means 

jth moment about the assumed calculation mean, 
j71,2,3 and4 

%, = second moment about the actual sample mean 


"4 = fourth moment about the actual sarmple mean 


% sample mean of performance indices 


population mean of performance indices 


a 


TAB 
Performance Samp 


Total Ratio-Delay Analysis 
tion Ac- 
Full study 507 Sub-samoling 25°; Sub-sampling 
oper-| totallAbsclute| Percent, laf total |Absotute | Percent total ‘Absolute  Fescent Normal 
ators si- Num-| actual jsampling Total | actual ping! Totai | actual ‘Sampling total; 
Com- | Study | multa- sein. leer of} time [errorin | pum- time | error | | | time error | | Unies} from 
pany Num- | neously | utes obser. Pm jber of! spent jin ber of | spent in at! time | time 
ber | per- on 98% con-|UME on [98% con-:_ time | on 95% con- | study in 
| | Meas- | fidence | *rator mess- operator 'vations| meas-  hdence minutes 
level | Pn | ured level trolled | | level trolled per unit 
| 
| | (m) | Pm) | fe) | Po (m) (Pea) 
% | i @ % | i | % 
A 1 10 | Mechanical [13,680| 720 | 987 | 4048 100, 380 413 100 170 | | 106 (16,314) 00! 
Subaa- | 
woubly | 
B 3 | Electrical 1,380, | 100 | | 150 | | £50 6,468) 0.24 | 125.6 
Subas- ; i | H 
sembly | i | | 
c 1 | Cutting 460] 14.8 | £32 | wo | 779 #41 | 100 | 45.7 | 100 | 7,290) | 90.2 
2 | Notehing | 480, 706 86.0} +29 | 100 | | | | 100 | 45.8 | 100 | 9,800! 0.0627 | 115.9 
3 1 | Cutting | | 42.7 | 100 | | | 0 | 462 | 100 | | 
4 1 | Cutunge =| 766 | 75.6 | 43.1 | wo 747 | | | | | | | 
Bandsaw | j | { 
5 1 | Hand Nail. 9.9 | | 100 34 | 906) | 192 | 100 35 
Machine 400) 786 | 43.1 1060 583 | 78.8 100 | 77.5 425.9 | | 1.068) | 84.8 
1 4 | Typing In- | 5,580) 469° | 73.6 | 44.0 | 100 226 | 48.6 | 100 | | 74.6 | 100 | 2.790) 9.9 
voicen 
E 1 7 | Packaging | 0,060! 508 | 80.7 | 43.2 | 100 208 | 82.2 100 83.7) 26.0 | 100. 193,732. 0.103 | 123.3 
| Assembly 18,372) 649 | 83.7 | 22.8 | 100 326 | 44.0 | 100 162 | 86.4 | 46.3 | 106 201; 60.7 “4.9 
2 Drill Sheet | 2,646: 540 | 93.0 | 42.2 | 33.1 | 200 | 92.6 43.9 34.5 | 128 | 93.3 44.2; 34.4 | 900) 2.33 88.1 
Metal 
G 1 | Drill, Bore | 4,900' 3007) 05.0 | 425 738 | | | 431 73.1 | 7% | | O94 | 2,700 1.72 | 
& Ream j | | 
Casting on — 
Lathe 
H 4 | Grinding 1,840, 3967 | 68.9 | | 661 | 466 | 48.0 | 99 | 677 02 10, 00 6.119 102.3 


' This symbol denoves that the normal time was obtained from an established time standard rather than « concurrent time study. 


1 These companies were unable to obtain the desired 600 observations. 


Explanatory Guide to Table 1 
Column 1—Company Code 


Companies are identified by code letter to maintain their 
anonymity. 


Column 2--Study Number 
Studies are numbered beginning with No. 1 for each company. 


Column 8—Number of Operators Simultaneously Performing the 
Operation 


In certain instances more than one operator was engaged in 
performing the same oneration. In such eases al] operators were 
included in the experimental group. The production of each opera- 
tor was individually tabulated. In each case the operation was a 
one-operator task—not group work. 

Example: For Company A, there were 10 employees, in- 
dividually measured, performing the operation selected for study. 


Column 4—Operation Description 


A brief indication as to the type of operation studied is pre- 
sented. 
Ezample: Mechanical Sub-assembly 


Column 6—-Total Actual Time 


This is the total cumulative clock time spent on-the selected 
operation by the experimental group during the period covered by 
the study. 


Exancple: 13,650 minutes were spent on the operation by the 10 
employees of Company A while the study was being made. 


Column 6—Total Number of Observations 


The total number of observations taken in the course of the 
study. This includes measured work (i.e., elements of the opera- 
tion which are included in the normal time), unmeasured work 
(i.e., productive work which was not included in the normal time), 
unavoidable delays and avoidable delays. 

Example: 720 observations were taken during the study. 


Column 7—Percent of Total Actual Time Spent on Measured Work 


This represents the ratio of the measured work time {i.e., time 
during which elements of the operation which are included in 
normal time are being performed) to the actual time. The quantity 
is determined in accordance with conventional ratio-delay prac- 
tice. Thus, the percent of actual time spent on measured work is 
determined by dividing the number of measured work observations 
(Column 21) by the total number of observations (Column 6). 
Where: 

Pa» = percent of actual time 
spent on measured 
work 

Nm = number of measured 
work observations 

n = total number of ob- 
servations 


Example: 


Column 21 
Column 6 


711 
= a OS. 
Pm 70 0.987 8.7% 
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1 
Results 
Performance Sampling Study 
Full study 50% Sub-sampling 25% Sub-sampling 
(at) | (22) (23) (24) (25) | (26) (27) (78) {29) (30) | (31) (32) (33) (34) (35) (36) | (37) (38) 
Per- Absolute Absolute Percent | Absolute | Percent | Absolute | Percent 
sampling | Normal difference | difference sampling difference | difference sampling | Normal ;4ifference | difference 
Num- | ‘ance | @fror io time between | between | N Orm- | error in time between | between | Num- | ‘OT™™ error in time tween ; between 
er of | SUES | perform from {| norma! | normal | ber of — perform-| from | normal | normal | ber of foe perform- | from | normal | normal 
| | index | perform-|time—per-| time—per-| meas- * lance index! perform- |time—-per-| time —per- | -meas- * lance index |perform- time—per-| time—ner- 
ued | | from per- ance | formance | formance | ured om \fram per-| ance | formance | formance | ured Tom per-| ance | formance | formance 
work formance pling pling pling | work ‘formance jsampling | Sampling | sampling | work f pling! pl | pling 
= \'anee | 2am ling » arai nor- | and nor- | obser-| ‘PM | sampiing in and nor- | and nor- | obser- | “™™ | sampling in | and nor- } and nor- 
samy. | | minutes time~| mat time--ivations| at 95% | minutes time—| ma! time—|vati | at minutes |mal time--, mal time— 
confidence | per unit |time study) time study saMp- | -onfidence! per unit study time study confi per unit jtime study; time study 
level Col (24)—| Col (25) ling (level Col Cot (31) ing | level Cot Col (37) 
'Col (19) | Cal G9) | Nm Col (19) | Col | Nin (9) Goi (19) 
% % % 
123.6 22.1 1.02 0.02 2.0 122.0 | +2.2 1.00 6 0 176 | 123.8 +3.0 0.997 | —0.003 -6.3 
| | 
124.7 +21 0.239 | —0.002 —-0.8 268 124.6) 243.1 0.237 | ~0.004 136 | 125.1 +42 0.242 0.001 0.4 
i 
| | | | 
91.2 42.1 0.0429 0.0005 1.2 307 91.2 | +2.7 0.0446 | 0.0024 5.7 156 91.) +3.7 0.0455 0.0021 7.3 
«122.4 +1.2 0.0062 0.0035 5.6 304 122.4{ 0.0657 0.0030 4.8 151 122.3 | 0.0654 0.0027 4.3 
{37 74.2 +1.6 0.0352 9.0006 1.7 322 74.3; +2.3 0.0357 { 0.0011 3.2 162 74.2 +3.3 0.0365 0.009 3.6 
570 87.9 +2.3 0.0467 —0.0031 289 $8.2; +3.2 0.0464 —0.0034 —6.8 140 88.3 +:4.8 | 9.0450 | —0.0048 ~9.6 
0.711 | 348 58.9) +2.11 0.712 | ~0.029 —3.9 173 | 58.8 +3.4 | 0.706 | ~0.035 —4.7 
8.3 +2.8 0.272 —0.005 —1.8 1 204 85.8) +4.1 0.284 0.097 2.5 148 45.7 0.287 6.010 3.6 
121.9 | 43.2 6.101 | —0.002 | 245 | 24.5 0.103 0 0 123 | 122.0! +6.1 0.105 0.002 2.0 
92.8 +1.0 50.4 —1.3 | 273 93.) 1.4 59.6 -1.8 140 93.5 +?.1 61.8 11 1.8 
98.2 +0.8 2.60 0.% 15.5 249 98.1: +1.2 2 67 0.34 14.6 125 97.9 +1.8 2.68 0.35 15.0 
43.6 | 1.7 | -0.01 —0.6 | 15 100.0) 24.2 | 1.73 oon | 06 72 4260 1.73, | 
: 
M |100.1; 1.3 | 0.116 | ~0.008 | -2.5 127 | 4 42.0 | 0.108 | | +18 | 0.15 | 


Poluma &—Absolute sampling error in pp, at 95% confidence level 


The absolute sampling error is +1.96 times the standard devia- 
jon of the sample percentage. This represents the range about the 
rved percentage within which the population percentage can 
expected to lie 95 out of 100 times. 1.96 and —1.96 are the 0.975 
0.025 iractile values of the cumulative frequency distribution 
M the standardized normal variable. 


Erample: 
+1.96 ap,, 


™ 1 — pu) 
n 


Where: 

2p, = standard deviation of 
the sample percentage 

Pm = percent of actual time 


spent on measured 
= work 
pail — = absolute sampling er- 
¢ = ror in Pm 


n = total number of ob- 
servations 


Column 8—~Percent of Measured Work Time Which is Operator 
Controlled 


This is the ratio of ‘‘measured work time—operator controiled” 
othe measured work time. This quantity is similarly determined 
'y ratio-delay analysis. Accordingly, the percent of measured 
"ork time which is operator controlled is estimated by dividing 
he number of measured work-operator controlled observations 


by the number of measured work observations (Column 21). 
“Measured work time-operator controlled”’ is that time during 
which those elements which are included in the normal time, and 
operator controlled, are being performed. Operator controlled 
elements are considered to be that portion of the total operation 
which ean be influenced by the employee’s skill and effort. 


Ezample: Where: 
No pe = percent of measured 
work time which is 
operator controlled 
711 n, = number of measured 
1.00 = 100% work—operator con- 


trolled observations 
n» = number of measured 
work observations 


Columns 10 through 13 

These columns are computed in the same manner as Colunns 6 
through 9. The only difference is that the data used are based 
upon a 50% systematic sub-sampling of the original complete 
study. 


Columna 14 through 17 


These columns are computed in the same manner as Columns 6 
through 9. The only difference is that the figures used are based 
upon a 25% systematic sul-sampling of the original complete 
study 


TAB 
Samp 
Per- 
form- 
ance 
index 
from 
time | 
tand- 
ard | 
| 
121.6 
125.6 | 
90.2 
| 
2.9 | 
93.7 
ar | 
84.8 
0.9 | 
123.3 | 
4.9 
109.8 
102.3 
| 
fthe | 
pera: | 
work 
| 
Vork 
time 
id in 
ntity 
prac- 
ri 0.087 (1-0 987) 
+0008 = 40.8% 
time 
ured 
ured 


vlumna 18 --Total Units Produced 


The uetual total number of units produced by the participating 
‘peratur of group of operators during the period covered by the 
tudy. 

Example: The 10 operators of Company A produced 16,314 
‘njts (sub-assemblies) during the test period. 


‘olumn 19--Normal Time—-Time Study 


The time required under standard conditions to perform the 
aeasured work at a normal pace but excluding any allowances. 
Chis normal time in minutes per unit was established by time 
study. In some instances the normal time was determined by time 
tudies made by the same engineer who made the performance 
sampling studies and in other cases the normal time was obtained 
‘rom data already available. 

Ezampie: 1.00 minute. rer unit is the normal time for the opera- 
ion studied at Company A. 


‘olumn 20—Performance Index—-Time Study 


The performance index from time study ‘s determined by di- 
riding the earned nurmal ucnutes by the measured work time 
minutes and expressing the as a per-entage. The earned 
vormal mimites are che product oi the units produced 
Column 12%) and the normal time from time study (Column 19). 
Measured work time is the percent uf actuol time spent on meas- 
ared work (Column 7) multiplied by the total actual time 
(Coluran 5). 


Example: 


Ind (Column 18)(Column 19) 

(Coburn 7)(Colusnn 5) 

Performance Index = 550) X 100 = 121.6 


Column 21~—Number of Measured W ork Observations 


This represents the tota! number of cbservations in which the 
*bserved state of the « eration was an element included in the 
normal time, 

Ecemp!'e: 711 of the 720 observations made during the Company 
A study were of mevsurid work. 


Column 24—Performonce Index—Performance Sampling 


Thus quantity is the arithmetic mesn of the performance ratings 
nade whenever the observed state of the operation was measured 
vork. Although separzt«'y recorded on the data sheet, “measured 
vork-machine controile’’’ observations were added to the 
operator performance ratings as (007. performeanee observations. 
Measured controtled the po: tien of th. operation, 
neludd in the norma! time, whieh ie paced so that it 
sannot be a*ected by the operator’s skill and efort. 


Ezample: 


Paste sum of the individual performance ratinge® 


Column 21 


S700! 


Performance Index = Tih 


Yolumn #3—Absolute Sampling Error in Performance Index from 
Performance Samplirg at 95% Confidence Level 


This quantity represents the range about the sample mean 


* Sum of individual performance ratings are obtained from the 
wiginal data sheets. 


performance index which will include the population mean per- 
formance index 95 out of 100 times in the long run. The equation 
for computing this quantity is given by: 


Ezample: Where: 
a a d = absolute sampling error 
"Vue in performance index 


s = sample standard devia- 
tion of performance 
ratings 

a», = number of measured 
work observations 

a = level of statistical sig- 
nificance (1 — a is the 
confidence level) 


3 
d= 0.08) = +2.) 


Column 24—-Norma! Time— Performance Sampling 


This normal time is the preduct of the average performance 
index (perfe: nance index, Column 22) multiplied by the selected 
time. The e+ iceted is dete ciined by dividing the mezsured 
work time ‘i.e., per ent of a tuai time spent mc asured. work, 
Column 7, mvitiplicd by the total actual time, Cc!umn 5) by the 
total units produceu (Column i8). 


Ezample: 
r (Column 7)(Column 8) .. Column 22 
(0.987) (73859) 123.6 
normal time = 100 


normal time = 1.02 minutes per unit 


Column 25-—-Absolute Difference Ketween Normal Time—Per- 

formance Sampling and Normal Time--Time Study. 

As the vame implies this quantity is the algebraic difference 
betweer C'ult.mns 24 and 19. 

Exampic: Column 24 — Column 19 = 1.02 — 1.00 = 0.02 minutes 
per urit 


Column 26—Fereent Difference Between Normal Time—Perform- 
ance Samn'ing ane’ Norma! Time-—-Time Study 
This quantity is the algebraic difference between Columns 24 
and 19, as ¢.von by Column 25, divided by Column 19 and exprersed 
as a perecuiage. 
Column 25 0.02 


Column 19 1.00 = 20% 


Ezample: 


Columns 27 through $2 


These columns are computed in the same manner as Columns 
21 through 26. The only dif»rence is that the data used are based 
upen a 50% systems.iic sub-sampling of the original conulete 
atudy. 


Colunms 33 through 38 


These columns are computed in the same manner as Columns 21 
through 26. The only difference is that the data used are based 
upon a 257% systematic sub-sampling of the original complete 
study. 
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PPENDIX II 


DEFINITION OF TERMS 


OTAL ACTUAL TIME: Total work period in minutes 
overed by the study minus scheduled rest periods and 
unch periods, 


URED WORK: Elements of the Operation which 
re included in the normal time. 


ASURED WORK - OPERATOR CONTROLLED: 


hat portion cf the total measured work which can be 
ected by the ernployee's skill and effort. 


EASURED WORK ~ MACHINE CONTROLLED: That 


rtion of the measured work which is mechanically 
ed (such as power feed and speed) so that it cannot 
influenced by the operator's skill and effort. 


ORMAL TIME: The time required under standard 
onditions to perform the measured work at a normal 
ce excluding any allowances. 


ERFORMANCE INDEX: For the purposes of this 

tudy, the quotient found by dividing the earned normal 
inutes (normal time per piece multiplied by the total 
umber of pieces produced) by the measured work 

ein minutes, The measured work time is deter- 

ined by multiplying the total actual clock time by the 
recent of the total actual time spent on measured work. 


EASURED WORK: Productive work which is not 
cluded in the normal time. In most studies only the 
epetitive clemen:rs occurring at least once a cycle were 
cluded in the normal time. For example, such eie- 
ents as inspect work, line trays, record production, 
hich occur only infrequently were omitted from the 
tmal time. These exclusions were made to simplify 
study and to increase the probable accuracy. 


hepenprx 


TUDY OF THE EFFECT OF LENGTH OF OBSERVA- 
ON TIME ON PERFORMANCE RATING RESULTS 


The performance sampling technique of work 
easurement, which requires the observer to make 
atings of operator performance based on snort duration 
servations, raises the question of what e‘fect the 
hortening of observation t'me has on the ability of the 
server to rate performance. A limited study of this 
oblem was undertaken. 


timental Procedure 


The method chosen for this study was to have ex- 
ftrienced time study engineers rate a film showing 
pPtveral different lengths of viewing time for each of a 
cup of different performance levels of the same opera- 
ion. This provided a series of performance ratings 

ich reflected the effect, if any, of varying the length 

observation time. The film used for this purpose was 

composite of the Work Measurement Filra, "Dealing 

ards", It consisted of three different viewing times of 

10, 15 seconds for each of eight different performance 
ls ranging from 55 to 187 percent of normal 


performance, based upon the national average. The 
sequence of scenes was randomnized, with respect to 
both viewing time and performance level, by the use of 
a random number table. 


As an introduction, a scene showing an entire deck 
of 52 cards being dealt preceded the actual rating 
scenes. It served to familiarize the raters with the 
format of the scenes that they would be asked to rate 
and to provide a reference from which each observer 
could crystalize his own personal concept of normal 
performance of the card dealing operation before the 
rating test was begun. 


The film was shown, the participating engineers 
were thoroughly briefed as to the purpose of the study, 
what they would see in the film, and what was re- 
quested of ther. It was made clear that the intro- 
ductory scene did not necessarily represent normal 
performance and that they were free to establish their 
own persons! concepts of normal pace. Since it was 
the comparison beiween ratings and not their absolute 
value which was important, it was only necessary 
that raters have a consistent concept of normal per- 
formance, 


Analysis of Data 


The film was shown to fifteen experienced time 
stucy engineers at three different Los Angeles com- 
pames, The hypothesis that ratings were not affected 
by the length of the observation times was tested by 
meens of analysis of variance. The results showed 
that the effect of differences in length of observation 
time was insignificant at the 95% level when compared 
to the inter-action between the length of observation 
time and the performance level being rated, This is 
to say that the two variables, observation time and 
performance level being viewed, combine to produce 
variations in the performance ratings which are 
greater than the surn of their separately produced 
effects. 


Conclusions 


No definite conclusions are to be drawn from this 
study and such was not its purpose. It was designed 
to be exploratory--to provide insight into the effect 
of len, th of observation time on performance ratings. 
It was undertaken on a limited scale and for only one 
type of operation--card dealing. It would be exceed- 
ingly dangerous to attempt to generalize the results 
beyond the boundaries of the study. The results in- 
dicate, however, that there is at least some basis for 
believing that variations in the length of observation 
time, within practical limits, does not have a very 
great effect on performance ratings. 
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BOUNDING THE SOLUTIONS OF PRACTICAL 
QUEUEING PROBLEMS BY ANALYTIC METHODS 1/ 


Dr. Glen D. Camp 
Consultant to the President ; 
Melpar, Inte, Falls Church, Va@e 


Introduction 


This paper represents an initial effort to determine the extent te 
which practical queueing problems, some of which are extremely complicated, 
can be solved by analysis alone, that is, without step-by-step mmerical 
computations of the Monte Carlo type. General practice in this and other 
fields consists in applying analysis to obtain a mechanistic understanding 
of the major aspects of the situation and such specific reqults as are 
practically achievable. This is done by idealising the real problem in 
on@ or more ways, each of which yields an analytically manageable mathematical 
problem which differs from the real problem in a known direction. Thus the 
real problem is partially or completely "surrounded™ by bounds obtained by 
analyeis alone. The results so obtained are in some cases adequate in then- 
selves, in which case the real problem is solved to acceptable accuracy. If 
not, they yield a deeper understanding of the fundamental characteristics 
of the queueing process under study and this can be used either to guide 
the design of operational experiments, if such experiments are considered 
advisable, or to guide Monte Carlo computations in such a way as to reduce the 
cost of getting results of adequate accuracy. 


Several analytic methods, each having some range of practical applicability, 
are briefly deecribed here, and the application of some of these is illustrated 
by specific examples. However, even a very incomplete search of the extensive 
literature was considered to involve a prohibitively large amount of labor, and 
hence many valuable methods have no doubt been missed. Rather than present a 
spotty and grossly inadequate list of references, it was decided to leave the 
compiling and maintaining of a good bibliography to some organisation having 
adequate resources for this important and urgent job. It is regretted that 
this made it impossible to give credit to those whose results are used; however, 
originality is claimed for no method or result in this papere 


Basic Concepts 


Queveing operations are here defined as those in which one or more classes 
cf items, maintaining their class-identity, move through a network of one or 
nore processing stations with arrival, waiting and processing times which, in 
geroral, depend on the sizes of the queues in front of the stations and may 
Yary ooth regularly and stochastically with time. 


_ Classification of items may be based on a variety of class-defining 
cheracteristics such as intrinsic properties, the statistics of arrival and 
Processing t mes, the cost of delay, resultant priority rules, etce Separa- 
tion into -sses is serswhat carbitrury, cependins on the degree of dis- 
persion of tno defining characteristics which it may be useful to accept. 


the same as that given by Dr. Camp before 
Joins Hopkins Informal Seminar on Operations Research on May h, 
1955 It has been yublis'ied es Chapter 17 (ppe 307-328) of Sooestions Research 


Volume I: (Bal.’mors: The Johns Pre 
reproduced with permission of The Johns, Hopkins Press. 


Also, the items may be so numerous that a "class of items*® approximates a 

“kind of bulk material"; as will be shown later, it may be advantageous to 
use this "fluid" approximation even when only a small number of items are 

involved, because this often makes it possible to get an upper and a lower 
bound from a small amount of analytic labor. 


Some of these points are illustrated by Figure 1, which represents an 
hypothetical oil-loading operation. The several grades of crude oil may be 
lumped together for making a rough lower-limit estimate of terminal tankage 
requirements, but must be kept separate for a more precise estimate. They 
may also be lumped together as one input of a simpler model for roughly es- 
timating the required number of berths and other characteristics of an economic 
loading facility, because the queue in front of this facility may be properly 
regarded as.the number of hours-of-work waiting to be done; however, it is 
necessary to keep them separate, for example, for estimating the delay of any 
tankers which demand a particular grade of crude. Suppose, further, that some 
of the tankers are engaged in a short shuttle-service between the loading 
facility and a nearby refinery and that this makes their arrival very regular, 
whereas other tankers on long-haul have arrival statistics which are approxi- 
mately Poisson. In this event, an upper, respectively, lower limit on the 
economic loading capacity may be obtained by lumping these two classes of 
tankers together and assuming Poisson, respectively, regular arrival statistics 
for all; but, since tanker time costs several hundred dollars per hour, it will 
be necessary to keep these classes separate or even to subdivide them further 
according to their loading-times in order to make an estimate of adequate 
accuracy. 


Returning to the definition, two additional points should be made. First, 
maintenance of class-identity means that each class obeys its own conservation 
law. This is not true, for example, in sawing logs into lumber or assembling 
parts into automobiles. These latter are here called separation and lomeration 
operations, and the more general term transition operation is appropriate for the 
three together. This paper is restricted to queueing operations as here defined. 


Second, movement of items may be physical or may be a conceptual move- 
ment from one state to another. As an example of the latter, units of space 
in an office building may exist in such states as "for rent", "rented" and 
“withheld for repairs", and may move from one state to another as a result of 
various actions; analogous remarks apply to charter ships, telephone lines, etc. 


A schematic model of a queueing operation is shown in Figure 2. Fixed 
parameters include the possible values of holding and processing capacities 
for each class of items at each station, possibie routes of each class of items 
through the network, etc. Operational variables include the sizes of the queues 
of classes 1, 2, ««, at station 1, 2, ..3; the statistics of arrivals, waiting 
and processing times for each class at each station, including their dependence 
on time and queue sizes; operational procedures; etc. 


Managerial control is often representable, to useful accuracy, by a 
feedback control doctrine which specified by how much processing capacities 
are increased when certain queues get above specified sizes, etc. Such control 
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Figure 2. Schematic Model of a Multi-Station 
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may cause interaction only between nearby stations, or influences may be 
exerted by distant stations or even by factors outside the network, (e.g.; 
effect of advance information or forecasts of arrivals and demands). Regard- 
less of these details, a queueing network is a complex servo-mechanism, usually 
with humans, namely the manager and his assistants, playing a fundamental role 
in the feedback-control loops. The basic feature of all such systems is that 
they can exist only in a definite though perhaps very large set of states, and 
that each state evolves from the previous state by a set of evolutionary rules 
which may be partly deterministic and partly random. 


General Methods of Attack 


Practical queueing problems may arise either in the functional design of 
a new network or in an effort to guide the alteration of the operational para~ 
meters and procedures of an existing network in such a way as to increase some 
appropriate measure of over-all effectiveness, 


Exact solutions of such practical problems are, of course, non-existent 
ideals; in fact, the same is true of "exact" formulations of these problems -- 
approximation begins with the selection of the model, before any effort has 
been made to "operate" it. However, it is sometimes possible to select idealiza- 
tions which err in known directions and, if this can be done in enough different 
dimensions, it may be possible to "surround" tne real operation, partially or 
completely, by a bounding set of analytically manageable idealized models. 

This process, so familiar in physics and other natural sciences, is an essential 
ingredient of any practical attack. 


A large part of the quantitative work on queueing networks has been based 
on one of the three following general methods; 


1. Step-by-step numerical computation (Monte Carlo method). 
2. Analysis based on servo-mechanism theory. 
3. Analysis based on state probabilities. 


The first of these, the Monte Carlo method, is by far the most versatile 
and precise, at least in the present state of knowledge. This method can deal 
directly with multi-station networks having quite complex evolutionary rules, 
the latter including distant-station interactions, advance information, etc. 
In each "run", it generates one of the many possible sequence of states corres-. 
ponding to asswned initial conditions and evolutionary rules. By making enough 
runs to obtain a statistically valid sample of all possible sequences correspond- 
ing to one set of conditions, all quantities of interest can be computed; then, 
by making adequately large sets of runs for other conditions, the effects corres- 
ponding to these conditions can be determined. This method has only one practical 
drawback: for networks of the order of complexity met in practice, computation 
time is usually large and in many cases is prohibitive, even with modern computers; 
this is especially true if the combinations of several quantized values of several 
parameters must be explored. This practical drawback is a direct consequence 
of the fact that the method yields much more detailed information than is needed 
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ov practically usable . . . one 1s not interested in any one of the many possible 
sequences, but only in appropriate statistical averages over all possible sequenc 


Despite this drawback, the Monte Carlo method has great practical utility; 
furthermore, this is enhanced if the number of points in parameter-space which 
must be studied can be reduced by relatively quick analytic calculations, even 
if these latter have considerable error, but especially if the direction of 
error can be determined. This is where the other two methods, analysis based 
on servo-mechanism theory and on state probabilities, have rendered a valuable 
service, 


A basic characteristic of a satisfactory queueing network is that it 
not "*hunt® violently; that is, the manager should not find it necessary to 
continually issue large corrective orders but, instead, he should need only 
to take occasional mild corrective action when blind stochastic processes begin 
to get out of line. This amounts to saying that some of the feedback control 
should be built into the network, and that he should need to act only as an 
intelligent monitor. This being the case, one need not make extensive studies 
of models of networks that do not have such approximate stability. Furthermore, 
models of networks that do have approximate stability can be operated for 
considerable times with managerial and perhaps other feedback control neglected, 
going back and making adjustments whenever sufficiently large departures from 
appropriate conditions develop (e.g., if a queue exceeds its holding capacity 
or improperly becomes negative). It is often possible to perform such model 
operations analytically to great advantage because, although this is also a 
"step-by-step" process, the "steps" may be very large and, furthermore, results 
may be valid for whole domains of parameter space. 


Servo-mechanism theory is very useful here; it establishes upper and 
lower bounds on expected values, including the effect of time variation, and 
also permits the insertion of "noise" signals appropriate to the statistics of 
arrivals and departures. As a practical matter, the servo-mechanism method 
forces one to treat discrete items as if they formed a continuous fluid; 
however, the direction of the error so introduced can almost always be determinec 
and controlled (see next section), and hence this is not a severe defect. 


The method based on state probabilities does not require discrete items 
to be treated as a fluid {although this may sometimes be done to advantage -- 
see later), but it does impose limitations on the correct representation of 
the statistics of arrivals and departures; here again, however, the direction 
of the resultant error can often be determined and controlled, so that no great 
disadvantage accrues. 


The balance of this paper is devoted to the application of these two 
analytic methods. 


Servo-Mechanism Method 


This method is so well known that little need be said about its techniques. 
Accordingly, emphasis will be laid on the model idealizations used and the 
direction of error, as illustrated by a specific although hypothetical example 
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taken from the oil-loading example briefly discussed earlier (Figure 1). 
The problem will be taken to be to find bounds on the loading capacity 


required. As previously discussed, the several grades of crude will be lumped 
together, leading to the model shown in Figure 3. 
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Figure 3. Simplified Model of a Part of 
Hypothetical Oil-Loading Operation. 
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It will be assumed that ship arrivals are, on the average, balanced with 
production; then, since the present problem is not concerned with tankage 
requirements, one need take no further account of the crude oil arrivals. 
Suppose that rough order-of-magnitude calculations have indicated that the 
number of loading berths required, for realistic de~ballasting and loading- 
times (both dependent upon maximum practical pumping-rates), lies between two 
and five. If the number is b, and the loading-rate of one berth for an 
average ship is 8, ships/day, then the total rate has an average value of 
S;n up to n= b and bs; for larger n{n = number of tankers in the queue, 
including those in berth). We first ignore this saturation-effect, taking 
8, «= 8)n for all n. One then has 


Sz a(t) - eqn (1) 


This is the — governing the charging of a condenser of possibly variable 
capacitance ) through a unit resistor, by "voltage" a(t). Fourier 
components of od neon having a frequency well above 5, are highly attentuated 
by the "resistor", and components well below s, are changed only very slightly 
and hence lead to a succession of steady states for which the n closely 
follows a(t). That is, if the high-frequency components of a(t) are 
eliminated by suitable averaging, an approximate solution of (1) is 


n(t)® fa(t - (2) 


This shows that n(t) is approximately proportional to a(t) except that it 
lags behind by one relaxation-time, (1/s)). 


There are three principal sources of error in this result: treating the 
ships as if they were a continuous fluid; taking 8, to be 8,n , thereby 


neglecting its saturation at 8b; and neglecting fluctuations in the processing 
rate. It will now be shown that all three of these falsify the result in the 
same direction. 


The effect of assuming a fluid may easily be seen as follows: Whenever 
n lies between an integer and the next higher integer, (1) assumes that pro- 
cessing occurs on the extra "part of one ship®™, whereas processing occurs at 
best only on the lower integer number (actually on this number or b, which- 
ever is lower). This obviously falsifies the result in the same direction as 
neglect of saturation, namely by indicating a requirement for processing 
capacity which is too low. The effect of fluctuations in the processing-rate 
is easily seen to lie in the same direction, because upward fluctuations will 
sometimes falsely run n negative, an impossible situation, and hence will 
falsely cancel the effect of downward fluctuations. 
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One now refines this solution in several ways. First, an approximation to 
the effect of saturation can be obtained by taking 


s(n) s b8}(t) (3) 


This saturates at the proper value 6b regardless of the value of c, and 
hence one can explore the effect of varying rates of saturation by varying c. 
Inserting this into the appropriate modification of (1), one has 


dn/dt = a(t) - (4) 


Tis equation is linear in e°" and can be solved in closed form for arbitrary 
a(t} and s(t). It includes some of the effects of saturation of the pro- 
cessing-rate and of fluctuations in both rates, but still includes the "fluid" 
error. This latter can now be thrown in the opposite direction by shifting n 
by one unit, in analogy with the method used to bound the sum of a series by 
integration. 


Actual operations often have several processing stations in series, and 
hence more nearly obey two or more coupled equations of the form 


dn/dt =» a(n,n';t) - s(n,n‘';t) 


(5) 
dnt/dt s(n,n'st-t#) - s'(n,n'5t) 


These equations can be made to yield bounds on both the lower and the 
upper side by shifting n by one unit and, in addition, take account of the 
following commonly occurring effects: influence of current queue sizes on 
arrivals (e.g., managerial control, attraction of customers to a popular place 
or the reverse whereby potential customers do not join the queue if the 
estimated wait seems too long); similar feedback effects operating on s and 
s' 3; fluctuations and long-term time dependence in both of these quantities; 
and transit-time t* from one station to the next. 


These and similar sets of equations can be written for various networks 
and, by systematically falsifying them in various directions, bounding sets 
of solutions can often be obtained. The details of these analytic manipulations 
differ in no significant respect from the calculations commonly made in analyz- 
ing complex servo networks, and hence no useful purpose will be served in 
reviewing such work here. Generally speaking, the methods used do not depend 
for their success so much on highly advanced mathematical techniques as on 
establishing and maintaining a good conceptual liaison between the physical 
realities of the network being studied and the implications of the approximate 
mathematical representations of these realities, especially in the direction in 
which various approximations, necessary to get readily manageable sets of 
equations, falsify the results. For example, one of the first steps is “ften 
to neglect coupling terms so as to reduce the number of equations occurring in 
coupled sets, often to one equation per set. This is, of course, common 
practice in analyzing electrical networks, and all of the physical "intuition" 
so developed is more or less directly applicable to queueing networks. As an 
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“xaaple of this, the equivalent electrical network of a number of stations in 
series is an RC network with time-varying elements, driven by the arrival 
function, and shunted by other RC networks with time-varying networks; if 
"back-pressure® couplings are neglected, then all couplings are uni-directional 
and holding capacities may be exceeded by the queues which form; etc. 


The analytic labor required is often considerable, sometimes requiring 
"patchwork" solutions, numerical integration, etc. Nevertheless, this labor 
may be repaid several times over by reducing the amount of step-by-step 
numerical computations required by the Monte Carlo method or, in some cases, 
by completely eliminating such computations. 


State Probability Method 


The state probability metnod describes queueing operations not in terms 
of queue-sizes as dependent variables but rather in terms of the probability 
of cccurrence of each of the possible queue-sizes. Most work in this direction 
has been concentrated on the single-class single-station transition-equation, 
further restricted to transitions between adjacent states (i.e., transition 
between more distant states can occur only by a sequence of single-step transi- 
tions and hence the probability of such transitions during a short time dt is 
an infinitesimal of second or higher order in dt). This restricted transition 
equation is 


Here dt , s,dt , respectively, are the conditional probabilities of one item 
being added to, Mrespectively, subtracted from the queue during a short positive 
time-interval dt , given that there were n items in the queue at the beginning 
of this interval. The corresponding joint probabilities are a,Pidt and 

nats; accordingly, the first two terms on the right of (6) represent probabilit 
eae into the state n from the adjacent states (n-1) and (n¢l) , while the 
last item represents flux out of state n into these two adjacent states. The 
dependence of the adjacent-state transition probability coefficients ay, and 
8, on n is available for the representation of the feedback effect previously 
discussed, These coefficients are mean values, and imply a specific kind of 
statistical fluctuations as will be developed shortly; the mean values them- 
selves may vary regularly with time. 


Before developing solutions of (6), it is useful to consider its relation- 
ship to practical problems in which there may be several classes of items and/or 
several stations, and also some limitations of (6) even in representing a single 
isolated station. 


Since (6) makes no reference to other stations, it is clear that it must 
be used in a way analogous to that of a single-station equation in the servo- 
mechanism method, briefly described as follows: inter-station couplings are 


7-10 


aP /at - (8, * an)P,, (6) 
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temporarily neglected and (6), with appropriately adjustable values of the 
transition coefficients, is applied to each station separately. Then the values 
of the adjustable coefficients are varied until statistical balance is éstablishec 
throughout the network. Total cost (operation, inventory, delay, etc.) is then 
calculated and the remaining degrees of freedom are adjusted to make this total 
cost a minimum. This analytic process cannot be carried through without making 
several approximations and hence, as previously discussed, one attempts to con- 
trol the direction of resultant errors so as to "surround" the true situation. 

By this process, the single-station limitation of (6) can be escaped to a 
considerable degree and useful results can be obtained. 


There is another limitation to the types of queueing operations which can 
be adequately described by (6); this may be seen, in the simplest case, as 
follows: Suppose that a, and 8, are independent of t , and that the net- 
work has operated under these conditions for a time long compared to its longest 
relaxation time, so that a long sample of the steady state is available. 
Necessary conditions that (45) describe this steady state to adequate accuracy 
include the following: first, every interval during which n has any particular 
value must be terminated by a single-step transition, upward or downward, with 
negligible exceptions; second, as readily shown by solving a simple forestalling 
problem, the distributions of the survival times, for both types of termination, 
must be approximately exponential with the same one-neper life, namely (s,¢a,)72; 
third, the ratio of terminations upward to those downward must be approximately 


It is known in advance that these necessary conditions will not be satis- 
fied in many cases, and hence that direct and simple applicability of (6) to 
practical problems is restricted. For example, there are many situations in 
which items arrive in groups (restaurant and theatre parties, freight cars in 
trains, etc.). Here one can define "item" as a party or a train instead of 
an individual person or freight car, at the expense of accepting a change in 
arrival statistics since (6) contains no direct means of taking account of the 
statistics of "party" sizes, except as this may be reflected by a dispersion 
in processing-time which happens to agree with the dispersion imposed by the 
form of (6). Also, arrival and processing intervals may have a greater or 
smaller dispersion than that corresponding to the exponential distribution 
discussed in the previous paragraph. In brief, it is possible to change both 
party size and statistics of arrivals and departures, but not independently. 
However, it is again possible to overcome this limitation to a considerable 
extent, using one or more specific forms of (6) to establish bounds, sometimes 
in combination with calculations based on the servo-mechanism method using 
several dispersions ranging from exact regularity for both arrival and pro- 
cessing, through exact regularity for one and wide dispersion for the other, 
up to wide dispersion for both. 


On the positive side, (6) has the great virtue of simplicity. As will 
be shown, it can be solved for essentially arbitrary dependence of a, and 
S, on ny, representing various feedback effects, and on t , representing 
various trends with time. This simplicity, together with the possibility of 
determining the direction and order of magnitude of the errors introduced by 
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using (6), combine to make it the basis of a useful method of partially or 
completely bounding the solutions of practical problems. 


Restriction to Finite Queue-Size 


The value of n in (6) is often regarded as extending to infinity, either 
unilaterally or bilaterally (negative values of n are sometimes used, for 
example in regarding backorders as negative inventory). For some purposes, 
however, it is advantageous to restrict n to a finite number of values, say 
(N +1), and, even if negative values of n are involved, to shift the origin 
so that the range of n is O€n@€N, with P, 2 O outside that range, and 
with N taking various values appropriate to specific cases. 


This restriction in no way limits the usefulness of (6), since it corres- 
ponds to actual situations: managerial control, customer feedback, finite 
holding capacity, or something always limits real queues to finite size, althoug! 
this size may of course be very large in specific cases (in which latter case 
the "fluid" treatment is an excellent approximation). Thus an infinite range 
for n is a mathematical fiction in practical queueing problems, and this 
fiction should be retained when this is advantageous and discarded when dis- 
advantageous. 


The finite range of n requires that 8, and ay both be zero, so 
that there shall be no flux out of the region. The first, 8, =» O, merely 
states that it is impossible to process an item if there are none present. 
The second, 2 ©, states that arrivals stop whenever the queue size 
reaches N. s latter requires careful consideration because, while there 
is always an N in any real situation for which this is true, its value may 
not be known or, if known, may be inconveniently large. 


A convenient way to handle this situation is as follows: First, select 
a reasonable trial value of N. Then imagine that the holding capacity (includ- 
ing items in process) will hold a maximum of exactly N items, spilling any 
item which enters when it is full into another holding capacity, and that these 
latter are given some kind of special handling. Then the problem can be broken 
into two separate parts: First, what is the distribution of items in the first 
queue and, second, how many items will require special handling? To solve the 
first problem, ay is arbitrarily set to zero, leading to a probability distri- 
‘bation P,,P], . + Py for the major queue. ‘Then using the temporarily discarded 
ay and the now known Py , the expected rate of arrival of items requiring 
special handling, ayP, , can be found. In many cases this rate is so small 
as to be lost in other errors, and hence will be absorbed into the safety factor 
necessary in any realistic operational plan; if not, the calculated values of 
P., » if now regarded as an approximation to the distribution of the total queue, 
are high for small n and low for n near WN; the expected queue-size is 
underestimated; and so on. What to do about this should be considered aposterior 
for each specific case, and here it need only be noted that a measure of the 
‘ magnitude of the problem, ayPy , is available before a decision need be made. 
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The advantages of restriction to finite n are in some cases very signi- 
ficant; they include the following: elimination of all questions of convergence; 
Simple expressions for the steady~state in the case in which the coefficients are 
independent of time; simple methods for determining the characteristic relaxa- 
tion-times, by using well known results of matrix algebra, the "fluid"™ approxi- 
mation (see later), or recently developed mmerical methods for handling large 


matrices and simplification of calculations involving time-dependent transition 
coefficients. 


Coefficients Independent of Time 


This case is very simple, and several specific examples are found in the 
literature. If (6) is rewritten in matrix form, becoming P = AP, then 
several well known facts may be briefly summarized as follows: P and P are 
single-column matrices of order (Nel); A is a square matrix of order (N¢#1) 
and rank N or less (its determinant is zero, as indicated by the vanishing 
of the sum of each column, which latter conserves the normalization of the sum 
of Py, over n)3 corresponding to the vanishing of the determinant of A , 
there is always at least one steady-state; non-steady-state solutions have a 
zero sum of over n, and decay like , , the decay 
constents g) , g2, --- of which there sre at most N different from zero, 
are the characteristic values of A and their reciprocals are therefore the 
characteristic relaxation times; only the smallest, or the first few smallest 
decay-constants, corresponding to the longest relaxation-times, are of practical 
interest, and there are well known approximation methods for finding these 
constants, and the corresponding characteristic Png's 3 etc. 


More than one steady state is possible so far as (6) is concerned, if the 
coefficients a, and s, have such values that zero is a multiple character- 
istic value of A. However, this case is of limited practical interest and 
hence it will be assumed that there is only one steady state. In this case, 
this steady state is well known to be given by 


n 
Pho Poo | Product (7) 


Here P.. is the steady state value of the probability of zero items in the 
queue, and is to be determined by normalization to unity of the sum of Py 
over Ne 


The non-steady states can be found, provided N is not inconveniently 
large, as follows: me first finds one or the first few smallest characteristic 
decay-constants, by well known methods; the corresponding P,1, are proportional 
to the cofactors of any one row of A less the corresponding decay-constant 
multiple of the unit matrix. These non-steady state P,1:_. sutomatically sum to 
zero, and their normalization is therefore arbitrary. Pn practical problems, one 
will seldom be interested in the non-steady states themselves, but only in the 
longest relaxation-time, to estimate how long a transient state will last. In 


| 
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fact, the entire case of coefficients independent of time is almost always an 
idealization and, as will be developed later, its principle interest is as an 
analytic device for studying time-dependent cases either by sudden changes in 
the coefficients at one or more times, or by changes so slow that the corres- 
ponding time-dependent solution may be satisfactorily approximated as a suc- 
cession of time-lagging steady states. In the few cases in which the sudden~ 
change calculations can be done entirely by analytic calculations, it may be 
convenient to change to a set of quantities Sug defined by Qyg = (Pno) 
these satisfy a matrix equation of the form Qe = -@Qo s SQ. , in which 
S is a symmetrical matrix and hence any two Regis belonging to different 
values of g are orthogonal. 


The "Fluid® Approximation 


This approximation is a practical necessity in the application of servo- 
mechanism theory, because this theory has been extensively developed only 
for the continuous case. If N is large, however, it may be a very convenient 
and accurate approximation in the probability method; furthermore, it may even 
be convenient for small WN , as a quick method of establishing rough bounds. 
This approximation can be made in many ways, but the simplest which retains the 
essential features of (4) arises from regarding n as a continuous variable 
and replacing the second order difference operator on the right of (6) by a 
second-order derivative operator. If f(n) is any function of n which is 
expansible in a Taylor Series, then 


f (n+1) = 
(8) 


and similarly for f(n-1). Replacing Pp,a, and 3, by continuous functions 
P(n) , a(n) and s(n) , (6) becomes (after expanding (8) and neglecting all 
but the first three terms) 


2 
22 (s +a) P+-2 (s- a) P 


Aithough (9) is in general a complicated partial differential diffusion 
equation, it may be possible to approximate its solutions, numerically or other- 
wise, at a cost which is low compared to that of the step-by-step Monte Carlo 
computations which it replaces, 


The case in which a and s are independent of time can be solved, far 
enough for most practical purposes, by the Sommerfeld phase-integral method. 
One first replaces time-differentiation by (+g), obtaining 

3(4/dn)*(s + a)P - (d/dn)(s - a)P + gP = O (20) 


Then the first derivative term is eliminated, in the usual way, by substituting 
R uP. This leads to 
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ul/ju - (sea) (s-a)/ (sea) (11) 
¢ O (12) 


= (sea)7? [ecas* - sat) - (s-a)* ¢ (13) 


The function R has an inflection at all zeros of k® and of R itself, 
and R is concave toyard the axis in regions in which k* is positive, and 
concave away where is negative. There will usually be only one connected 
region in y hich k* is positive and hence there are usually zero, one or two 
zeros of k* in the interval of interest. To find the first few characteristics 
decay-constants, therefore, one quantizes the Sommerfeld phase-integral between | 
the boundaries O and WN, or between either boundary and the one inflection, 
or between the two inflections, obtaining 


3/2, (two zeros) 
Kdn 51/4, 91/4, (one zero) (14) 


. This procedure has been applied to the case in which a and s are both 
independent of nm and here, as would be expected, it yields results in excellent 
agreement with the known exact results. It has also been applied to the "radio- 
active" case, a= constant, 5 = 8;n, and to other cases, but no exact results 
were readily available to test it against. 


A rough internal check on accuracy is pees e along the following lines: 
The first term neglected in (9) is (1/6) (@/4n)-(s-a)P , and this should be 
small, in the interval of interest, compared to the terms retained. An approxi- 
mate value of the re re . these terms can 7 obtained by using the approximate 
relation Acco ng s test, the approximate results 

so far obtained are 


A modification of this procedure, which would be expected to yield accurate 
results over a wider range, consists in making the symmetrizing transformation 
previously mentioned before making the "fluid® approximation. This has the 
effect of exactly removing a known large amplitude factor before approximating. 
These two procedures yield results in close agreement when applied to the two 
special cases previously mentioned. 


Time-Dependent Transition Coefficients 


This is the most difficult and also the most important case. Before 
discussing it in detail, therefore, two specific examples will be presented. 


Since there appears to be no known general method of solving (6) if the 
coefficients are time-dependent, we may reverse the problem, as follows: 
Taking any set of time-dependent P,,'s , one can look for a form of (6) which 
this set satisfiea. One such set is the Poisson distribution, with the expected 
value #{ varying with time, 
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Pow (25) 


Substituting this in (6), one finds that it is a solution if the following 
relations are satisfied: 


= (26) 
dn/dt a(t) - (17) 


If (dn/dt) 4is zero, this is the familiar steady state for the "radioactive" 
case in which the average arrival rate is independent of n anc the average 
processing rate is proportional to n , and both are independent of time. 
Furthermore, (17) is of the same form as (1), except in two respects: first, 
fi has replaced n and, second, a(t) in (1) is the momentary arrival rate, 
including fluctuations, whereas it is the expected arrival rate in (17), which 
may vary slowly with time but contains no random fluctuations. 


If i is approximately linear in t, and s, is independent of t, 
then (17) can be written 


BY [a(t - : (28) 


This result is analogous to (2), and is approximately true for any a(t) which 
varies slowly during a time of order (1/s)). Qne readily obtains similar time- 
dependent solutions for other cases, such as the binomial distribution, 


P, = - 
Sn (19) 


More generally, suppose that we choose any P(t) which satisfies the 
general required conditions (differentiable, all positive, sum over n fran 0 
to N equal tol). Then (6), written for all n from ©O to N, is (N42) 
linear equations for 2N quantities however, 
one of the equations is redundant, since the sum of all is zero. Thus there are 
N independent linear equations for 2N unknowns, and this indeterminancy may 
be resolved in many ways. One convenient way is to consider the service rates 

2853008 a8 known, and then to solve for the a5,8}5«c0a.) which, with 
these service rates, will yield the assumed P,(t). By doing this systematically 
for a representative set of P,(t) and s(t), it might be possible to generate 
enough different time-dependent solutions to handle many or most practical 
situations. It is to be noted that adjustable parameters would be retained, so 
that this would not be a large set of numerical results, but rather a table of 
multi-parameter solutions to be used much as a table of integrals is used. 


All solutions of this general class have one important property in common: 


They represent a slowly changing succession of steady states, lagging behind 
the “driving-force®, namely the arrival-rate, by an approximately constant 
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lag-time. It is obvious that such situations will occur in practice very freque: 
in fact, wherever the arrival rate has a time-trend which is slow compared to th: 
longest relaxation-time of the network. 


Let us now explore the opposite extreme, namely the case in which expected 
arrival or processing rates, or both, change suddenly from one time-constant 
set of vaiues to another. If the earlier time-constant values have been in forc 
for a time of the order of the longest relaxation-time of the earlier network, 
then the suddenly changed network will have this steady state as its initial 
state. Now, although the coefficients have suddenly changed to new values, 
P,(t) will not change suddenly, but instead will gradually change, approaching 
the steady state of the new network in a time of 3 rder of its longest re- 
laxation time. 


Such "patchwork" time-dependent solutions may be very useful in several 
ways: they yield estimates of the effect of sudden changes in processing-rates 
introduced as a part of routine managerial doctrine or caused by partial break- 
downs; the effect of sudden increases in arrivals caused by seasonal or similar 
changes, and of sudden decreases caused by interruption of supply, etc.; and 
they furnish bounds to the effects of more gradual change. 


The comparison of very gradual and very sudden changes also leads to a 
more fundamental consideration which suggests that the succession of time- . 
lagging steady states may constitute the majority of cases of time-dependence 
which are of practical interest. To investigate this question, we need to ex- 
plore the fundamental meaning of “probability of n at time t" in cases in 
which expected values have Seng-tatet time trends. 


Suppose one sets himself a problem based on a very long history of the 
size of a queue as a function of time, this history consisting of a sequence of 
time-intervais in each of which n has one or another integer value. The 
problem is to prove or disprove that this history is consistent with the pre- 
dictions of some form of (6) and, if it is, to experimentally determine the 


coefficients *a(t) and s,,(t), with regard both to their n- and their 
t- dependence. 


This is certainly a reasonable problem and, from the Bridgeman operational 
viewpoint, the whole theory is a "meaningless noise" if this problem cannot be 
solved, at least conceptually. Yet one immediately runs into difficulties if 
he attempts to apply the “ensemble® concept of probability to the problem. 
This is of course the very familiar difficulty which led to the famous ergodic 
hypothesis. If the history can be proven to be a stationary time series, then 
everything is simple - one can generate other “statistically equivalent" 
histories and then "probabiljty of mn at time t" is the fraction of such 
equivalent histories for which, at time +t, nm has any particular value. But 
if the series is non-stationary, ha does one distinguish between "long-term" 
trends and a fluctvation, which seems to be necessary to generate aa 
sequences? 


This fundamental subject is far beyond the scope of this paper and hence 
it is here assumed that “probability of n at time +t" must be interpreted 
as "fractional time during a moving interval T, centered at +t, during which 
mn had a particular value." From the practical point of view, fractional time 
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is what one 18 interested in; that is, if f£, is this fractional time, the 
total delay-time 1s the same as if fi items waited the full time T, that is, 


TA rf nf, (20) 


If this is correct, how does one properly select T7? One first notices 
that there are conflicting demands on T - - - it should be "long" in order to 
get a statistically valid sample of the history, but should also be "short" in 
order to avoid smoothing out time-trends. This situation is analogous to that 
occurring in acoustics and other branches of elasticity theory - - - one studies 
the motion of an element so "small" that stresses, etc., may properly be regarded 
as uniform throughout; however, this element must also be large enough to be re- 
garded as a thermodynamic system in approximate equilibrium with its environment. 
In this case, the resolution is very simple: for low enough frequencies (long 
wavelength) the variation of stresses is so slow that an element with dimensions 
which are a minute fraction of a wavelength is still very "large® in that it 
contains many molecules; and, when extreme experimental conditions are established 
which make this untrue, the concept of a surface stress fails and, with it, the 
whole theory. 


Something very similar to this appears to be the case in queueing theory 
in that T must be long enough to give the system a reasonable chance to 
occupy most possible states for a good approximation to the appropriate expected 
times. However, this time is of the order of the longest relaxation time and 
hence we conclude that "time-trends® in the exper rental determined coefficients 
will almost always be long compared to, or at least of the order of magnitude of, 
this longest relaxation-time. The only significant exception to this would seem 
to be a case such as this: having established the characteristics of a system 
under steady state conditions, including arrival and processing statistics, one 
could have special apriori information which indicates that a sudden change has 
occurred in these statistics, (e.g., breakdown, interruptions of service, 
managerial action, etc.). 


In the absence of such special circumstances, one reaches the tentative 
conclusion that, in most practical problems, the coefficients will have time 
trends, if any, which are so slow that the corresponding solution is a lagging 
succession of steady states, and hence approximately equal to the quasi steady 
state obteined from (6) by setting dP/dt to zero, namely (7). Thus a large 
part of the mathematically difficult problem of time-dependent coefficients 
appears to be sclubie in practice, in a very simple way .... it does not 
materialize. 


There are, of course, straightforward ways of testing this assumption 
in any specific case of known or assumed time-dependence: If (1/g,) is the 
longest relaxation-time of a network, c is any time-dependent coefficient, 
and if every c changes by a small fraction of itself during the time (1/g,), 


| (ain < s| (a) 


then the solution is well approximated by the quasi steady state. It is 
believed that this is the case in many practical situations, 
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Multiestep Transitions 


As previously mentioned, (6) does not properly describe processes in 
which items enter or leave in parties of two or more. Such processes are better 
described by a multi-step transition equation of the type 


eee bad 


it. 
(soo af + + + 8.) Bo 

hed Analytic bounds to the solutions of this equation can sometimes be 
| obtained by a minor expansion of the procedure described in the discussion of 
, the "fluid" approximation. For any function expansible in a Taylor Series, one 

has 

d Substituting the first three terms of this expansion into (22), one has a 

¢ diffusion equation of the same general form as (9), and similar remarks apply, 
— except that estimation of the error is slightly more involved. Even in cases 
ag where the "fluid" approximation is a poor one, (23) may be very useful in 
” establishing upper and lower bounds, by shifting n by one unit, 
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THE DESIGN AND CONTROL OF ACTION GROUPS 


Lee S. Christie 
Group Chairman, Operations Research Office 
The Johns Hopkins University 
Chevy Chase, Md. 


I shall begin this talk with some concepts that are essentially 
mathematical and conclude with remarks relevant to industrial 
engineering. Yet, I am neither a mathematician nor an engineer 

but an operations analyst originally trained in psychology. 

This procedure is not completely presumptuous since the road I 

shall take from mathematics to engineering lies in the social 
psychology of action groups. I shall neither start nor end on 

home ground, but I shall spend most of my allotted time there. 

The route designation of this road, which will give our journey such 
unity as it may have, is the term -- decision. 


What can a man do to serve his needs? Basically two things: exert a 
force and control that force. This is true of an isolated man and as 
well of men acting in concert. Before the industrial revolution, the 
revolution of power, men commonly acted in groups to provide sufficient 
force to accomplish what one man could not do alone. Today a negligible 
fraction of society's needs for power are provided by muscles. Man's 
contemporary role is to make control decisions, and the revolution of 
control is just begun. In our modern world, men act in concert when 
the information handling requirements for control decisions are beyond 
the capabilities of individual men. It is a group of men acting in 
this manner which I shall call an action group. 


Action Groups 


The concept of an action group is closely related to the concept of 
task-oriented group, a term used to describe certain laboratory groups 
which have been the object of experimental study in recent years. All 

of this work has been done without the benefit of a formal definition 

of the concept. The work has proceeded satisfactorily in the absence 

of this element of formal nicety, yet it is easy to point to appreciable 
probable benefits accruing from a clear and relatively precise definition. 


This work on task-oriented groups is a study of decision making, of 
information handling and of communication. As such it must have close 
relations to the new formal theories which are the focus of the intellectual 
ferment of our day. To name them, these theories are: information theory, 
decision theory, utility theory, and game theory. All of these new develop- 
ments are fundamentally concerned with choice or decision in a formal way 


just as the work on task-oriented groups is concerned with decision 
empirically. To bring out the relation, and thus make possible the 
use of the ideas of the formal theories in application to empirical 
studies of decision making groups, coordinating difinitions of terms 


applicable to groups must be given in the language of the formal 
theories. 


Following a beginning attempt in this direction made by the author 
(2), my former colleague Duncan Luce* applied his mathematical 
talents to the problem and developed a definition of the concept 
which I am here calling an action group. This definition is framed 
in the language of game theory and I shall start by borrowing a key 
idea from Luce's definition. 


For this definition we need the concept of a game in the sense of 

von Neumann and Morgenstern's (3) theory of games. I shall state 

this informally, but a rigorous treatment would be possible. Let 

us consider a collection of individual persons each of whom is faced 
with a number of mutually exclusive courses of action. Each person 
must choose and execute one of his available alternatives. In general, 
the choices concern prescriptions for action or decision rules covering 
every situation that may arise from the start of interaction until the 
final outcome is reached. The decision rules are called strategies. 

As a result of their employment there will be various outcomes for the 
various participants -- they may gain or lose varying amounts. The 
result for each person depends on his choice of strategy and also, 

in general, may depend on the choices of the other players in the 

game. Since the players will have preferences among the possible 
outcomes and success by one may hamper success by another, a game is a 
formal model for conflict of interest situations. 


Thus far, the concept of a game seems a strange one to use in defining 
an action group since the conflict of interest which is essential to 
all but degenerate games is the antithesis of the commonality of 
interest that seems to be central to the intuitive notion of an action 
group. However, if the game model is a reasonable model for human 
interaction, and it seems to be, then we must find a way to resolve 
this difficulty. The key to the situation is that although it is 

true that conflict of interest (at least potentially) is characteristic 
of all groups, a group becomes an action group by virtue of constraints 
on the possibility of conflict. This notion can be expressed in a form 
that brings out its relation to game theory. 


*Luce, R. D., on the interaction of suboptimization and communication 
structure in group performance. Paper read at the Annual Meeting of 
the American Psychological Society, San Francisco, Sept. 1955. 
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as we carlier, each player in a game has preferences amone 
the possible outcomes of the game. Under conditions establishe¢ 
in the theory of utilities a person's preferences over a set of. 
risky outcomes can be expressed numerically so that the preferred 
one of two outcomes has the larger expected utility. With this 
characterization of its structure, a game in normalized form is 
uathemablically eae set of real-valued functions, one for each 
player, the variables of each function corresponding to the 
choices available to the corresponding player. These functions 


are called the pay-off functions of the game. 


Now let us introduce into our consideration a person who may 

not be a player, and hence unable to influence the outcome hy 

& strategy choice, but who nonetheless has preferences among 

the outcomes. He may have m@ans other than strategy choices by 
which he can influence the interaction of the players and thereby 
influence the game's outcome. We shall call this person the 
evaluator and, assuming that his preferences can be represented 
numerically, he has a pay-off function. The evaluators pay-off 
is a value imposed on the game called the evaluation. The 
introduction of the evaluator and the concept of a game with 
evaluation is a contribution by Luce of which we shall make use; 


Luce proceeded to define a task-oriented group (action croup) 
as follews: 


. Croup of persons is an action croup if and only if: 


l. The croup constitutes a came with evaluation; 
- rach of the group members knows the evaluation 
funetion (knows what the evaluator prefers); 


3S. ach wenber of the group is motivated to modify his 
indivicual preferences in such wise as to maximize 
the evaluation function. 


This Jeiinition is an important step forward but it has a 
uuaber of drawbacks. It does not take explicit account of the 
possibility that an action group may be in a game but not 
coterminous with it. It requires knowledge of the evaluation 
function whereas a requirement ior some degree of conformity 

of Sehavior seems more pertinent. It states as a defining 
condition a “motivation to modify individual preferences" which 
is 2 conception that itself demands explication to be useful. 
This third drawback was remarked on by Luce. 


vhe theught that an action group may be in a game but not 


coterminous with .it suggests considering another cqgncept from 
game theory, the concept of a coalition. We shall not use 
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A coalition in a game is any set of players who so modify their 
individual strategies that the expected pay-off to the group 

is larger ‘than the sum of the expected individual pay-offs woul¢ 
be without the coalition. Rationally, coalitions will tend to 
form and®can be maintained provided utility is transferable 

anong the players in the coalition and side payments are made 
aon: them. Stability of coalition structure requires that the 
alge:raic sum of the pay-off for each member anc any sice payrents 
received or mace by him is no less than he coul¢ get for himself 
by other acti@me. 


There s:ay be any number of players in a coalition ranging 
hetweeir. the two Cegenerate cases of a single player and the 
total set of players, and we may even formally admit the null 
set as < coalition. 


It is now important to emphasize one aspect of the cifference 
between Leing &@ player in a game and being a member of a proper 
coalition. Fully ratéonal behavior is not necessary for a man 
in order that he may be properly described as a player in a 
game. It is only the strategy choices which are civen by what 
is known as a solution of the game which are (according to an 
establishec criterion) rational -- actual behavior may depart 
from the requirements of a solution. To be a member of a 
coalition necessitates fully rational behavior since the 
comparison of pay-offs which is used in the definition of a 
coalition is given in terms of solutions. P : 
The rational form of the coalition concept is effective for 
normative theory but falls short of the requirements for a 
descriptive theory. Therefore, I propose to introduce a 
modified concept which, in distinction from rational coalition, 
I will call heuristic coalition. A heuristic coalition is any 
set of players in a game who modify their individual strategies 
so that the pay-off they believe the group will get is larcer. 
than the sum of the individual pay-offs they believe they could 
get without the coalition. The difference between the two kinds 
of coalition is that the former is based on mathematical 
expectation and the latter on belief. Note that. it is possible 
for these to coincide, but that belief covers more grounc; thus 
when all coalition members’ beliefs’ are rational, a heuristic 
coalition is a rational coalition. 


The difference between an action group and a heuristic coalition 
is that the former depends on an evaluation and the latter does’ 
not. If the evaluation for an action group coincides with the 
beliefs of its members then the action group is alsoa heuristic 
coalition. Further, if the beliefs are veridical the action 
group is a rational coalition. Let us consicer these facts as 
they bear on the role of the evaluator. 
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The evaluator is some person who may or may not be in the action 
croup and who may or may not be in game but who has preferences 
auong the possible outcomes of the game insofar as they aifect 

the pay-off to the action group. This person lias a pay-off 
function which is an evaluation of the game, and incepenéently 

of whether he is in a position to make stratecy choices in the 
game let us suppose he has other means by which he can affect 

the behavior of the action group but does not have other means 

by which he can affect the behavior of players who are not members 
of the action group. 


The evaluator has the problem of the design and control of the 
action group. The first requisite of a solution to his problen 

is that it must maintain the integrity of the group. There are 
two antithetical ways he can approach this problem: 1) he may 
treat the behavior control problem directly hy imposing 
restrictions on strategy choices that often must be maintained 

by the promise of invoking sanctions (non-transferable utilities); 
2) he may treat the problem indirectly by seeking to control tle 
beliefs of the group meubers so that the group hecones a heuristic 
coalition acting in accordance with his evaluation, The seconc 
possibility is the more attractive one if it can be successful 
since it avoids a potent source of tension. lowever, there are 
further difficulties with this approach. 


There are two principal bases on which an attempt to control 
beliefs may be mace. These two approximate what we woulc 
ordinarily call education and propacanda, Py suggesting these 
terms I do not intend to contrast techniques, although in 
practice this contrast will usually be found. Rather, I intenc 
to contrast the reldtion between fact and the content oi the 
persuasive effort in the two cases. In either case, the 
evaluator attempts to convince the group that acting in accorc- 
ance with his evaluation will give the group the character of a 
rational coalition. In addition, in the educational case, the 
evaluator knows that action in accordance with his preference 
will make the group a rational coalition; in the propagandistic 
case he either does not know this or knows it to be false. This 
is a very severe characterization of*the educational case since 
it requires a full knowledge of the came structure on the part 
of the evaluator. Game theory is not in a satisfactory state at 
present to give fully cependable guidance. Not only are there 
practical difficulties in solving problems, but there are several 
non-equivalent equilibriun theories no one‘of which is cenerally 
considerec acceptable. 


In part because of this unsatisfactory state of affairs, anc in 
Pp ' 

part because of other human limitations of any person who is in 
the position of the evaluator, the design and control of action 


groups in practice will be a mixec process. Some resort to 
sanctions will be used at least as a safecuard against the 
iailure oi other efforts to maintain the group integrity. The 
major effort will be to control beliefs, and since an ecucational 
effort by our strict definition will rarely be possible, the 


best that can be done is for the evaluator to substitute for 


certain knowledge the best founded belief he can attain and to 
attempt to persuade the group members to accept his beliefs. 


An important promise that the concept of rational coalition 
holds (a promise that is far from realization at present) is 
that it will constitute a norm against which to juece the 
potential stability of an action group. For if an action croup 
is a heuristic coalition and is not a rational coalition, it is 
making its decisions on the basis of beliefs that are false and 
the facts of experience have a nasty way of changing beliefs 
and the cirection of change is most commonly toward the truth, 
Thus, @ neuristic coalition that is not a rational coalition 
has wnherent instability. 


Group Information Handling 


Beyond the necessity for maintaining group integrity, the 
evaluator's design and control problem concerns the efficiency 

of the group*s internal functioning. his is primarily a 
question of the management of information handling. But before 
restricting our consideration to pure efiiciency problems it 

will be well to point ont that the process of maintaining group 
integrity may also depend on handling information. Our definition 
of action group requires that the group have a task and behave 

to some extent as the task requires, but it does not demand that © 
the task be known to the group. Action can’go on in the absence 
of this knowledge and usually does go on when such information is 
incomplete or somewhat vague. Yet, gaining it and using it as a 
basis for action is a common concern of group members. Thus we 
have tne young business executive who poses to himselif or to a 
management conference the question, “What business are we really 
in?" or the subordinate military commander who on receiving an 
order wonders, "What is the old man thinking of?" 


Because of these natural human tendencies, an evaluator who does 
not take steps to make certain that the group for which he 
defines the task knows that task is, in effect, imposing the 
problem of task definition on the group. This is an added task 
which derives from the task he intends to impose, and a lack 

oi knowledge concerning it, whether he wishes 1t to or not. It 
is not difficult to produce examples of task problems for which 
a definite completion criterion can be proved to exist but for 
which the actual definition of the criterion is so difficult to 
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by being told to get the best possible answer will not have ¢ 

goal at all. it may be expected that 
the group will adopt some Mic cevice such as croup acree- 

Lv Cive a quasinmceilnition O21 Last Compile LLON. 

Lic ne Serv L..en a secona accitional 
task. Goal ceiinition and goal agreement as tasks may tien he 
worked on simul@@meously with the basic task and cven come to 
Wm the later. In such & case the situation is closely 
po 
ps 
rr 
‘ 
Tl | 1 group 1s to attain specillec outcome 
|_| implementing ws €Me aa: C t 
we an enc poine. io Gescripe act1lon 
acequatel) we anow Ullngs as LNIitlal conaitions, 
Theoretically these things from the came which is the 
context witil he group acts. In practice we can usuall 
give only ac psCription oi the context as a2 game. 
However, sorie s Of this situation are so nearly Sw 
that to cescr is to cnaracterize action groups empliricall 
thea Sefiniti ~ 
clic and 10! 
One suc.ii ieat aQt Croup LNp A 

secona 1S tiia i pert.’ perveine 

to the are to de méce,. inus, in ition te 
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group. IL tL is the eiiectiveness oi this 

process vildu vail t 
wilch &@ group task. 

Let me take avery simple and well known exemple to illustrate 
my point. Consider the game of Contract DPridce. Partners in 
sricge constitute an action group in our sense. “Zach one has 
an information input acguirec hy looking at the cér¢s he is 
cealt. The role of the evaluator .is take y an implicit 
agreement between the partners to bid a ike the createst 
nuaber of tricks the deal will support. Néither player knows 


| is relevant to 
systems oi Dridsge have heen 
cevisec principally to expedite the 


the other®’s hand initially but suck 
cecisions about bidding. The. 


he transfer of this information 
ind the efficiency of a Bridge partnership using @ particular 
system depends Ccirectly on the effectiveness with which the 
systema as they use it handles information. 
In general incoming information will not be in the most readily 
usable form for aaking decisions. It neecs to he processed, 
The distinction between raw input information and information 
processec to support decision making has been recognized 
traditionally by callin 1g the former either daté or sinply 
nforuation and the latter intellicsence, Setween input inform- 
t 


ation and intelligence for cecisions there may be many steps of 
processing and each such step will necessitate decisions. 
Therefore it is not only the output of action that requires 
decision but every step taken to support the action decision 

is itself a decision step. ‘Yhen we speak of a strategy choice 
for individua] members of the group, cecisions of both types 
will cenerally be involvec,. 


Information for action will be called first level information. 
The decisions about processing on this level are themselves 
based on information which will be callec second level information. 
This is cata about the status of first level iniormation at a 
given time, that is, about who knows what now. Second level 
information is sometimes not a sufficient basis for first level 
decisions. Consider the case in which it is perfect throughout 
the group. Each man knows exactly what every other man holds, 
His choice should then he to send to someone who needs but ddes 
not have some information which. he has.: But there may be more 
than one such potential receiver and there may be someone other 
than himself who can make the same contribution. If both send 
to the same person @ useless duplication has occupred, and worse, 
another man may be left wanting unnecessarily. Coordination is 
lacking. The-sender can be assured of making a proper choice 
only if simultaneous sending by others is predictable. Such 
predictions can be mace if information hancling is organized 
and he knows the organization. Information about organization 
will be called information on the third level. It is inforn- 
ation about who will co what anc cerivatively about what | 
information distribution situations may be exp jected. 


There are several different kinds of information handling 
functions. I have just mentioned the question of to whon to 
send. This is a reference to the routing function. There is 
also the question of what to send and this implies a filtering 
function. ‘Filtering, perhaps, requires and gets greater 
attention than any other process applied to information, It 
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is the principal operation that makes intelligence out o! 
raw data. It is the function served by cigests, abstracts 
and summaries. It occurs in less obvious ways every time the 
output from a man is selectively less than the input to hin 
in an informational sense. It is interesting that the reverse 
is true from the standpoint of energy. A man who is a filter 
for information is simultancously an amplifier enercy-wise. 
Such selective amplification is most useful when incouin: 
information is not perfectly reliable anc the i:ilter produces 
an output of increased reliability. 
Mext we have the coding function or the problem of how to sonc, 
This is an area of current intense interest due to tie Ccevelop- 
ment of information theory which has been most outstandingly 
successful in its treatment oz coding and the relation of coding 
to channel capacity. The importance oi coding is obvious even 
in simpler ways such as is made evident when two persons try to : 
comaunicate and neither knows the language of the other, It is 
clear that coding will have strong implications ior the 
efficiency oi action groups. 
Finally there is a timing function, Iniormation is perishable 
s0 timeliness oi sending is essential. The useful lifetine oi 
various items of information ciffer anc the rates of decay may 
also. Eificient handling will require the use of prioritics 
to establish orcer of sending. Timing and routing in this 
connection are oiten involvee in an intimate interaction and 
the joint problem then posed is usually callec @ scheduling 
problem. 
These four functions in various interacting combinations are 
what the evaluator must organize by designing anc controlling 
the group. ‘What means are at his disposal to cevelop efficient 
organization? Assuming that his measures ior maintaining the 
integrity oi the group are adcquate, the members oi: the croup 
will be motivated appropriately. Therefore, ii a feedback of 
knowledge of results is provided, the basic conditions for 
learning better and better procecures will be met. This is 
the kind of phenomenon in action groups which has been called 
crowth in organization--a somewhat valuative characterization, 
but the analogy is striking. The important point in this 
connection is that the evaluator cannot treat the organization 
like Topsy. Growth must be a guided and controllec process. 
Changes of this sort will surely occur but to he useiul these 
changes must be directed chances, The organizational cevices 
I will be ciscussing shortly can realize their potential o! 
efiectiveness only ii they are supplemented by a training 
program in their use. 


The capacity for learning is a cOtfaponent characteristic in 
systems including human beings. We have observed that it can 
be managed and use made of it after the human components are 
in the system. In addition, learning has acted on the human 
components beiore thev entered the system or group, and 4s a 
result the group members bring with them a store of hahits, 
skills and attitudes o: which the evaluator may make use. 
Consider coding, for exampie. Its quality may be judged by 
the probability that a message sent by one person is correctly 
interpreted by its receiver. If the group members ail have 
learned the same language before joining the group the coding 
function will be handled weli without any particular attention 
to otherwise organizing it and coding problems will be at a 
minimum, 


A more direct organizing technique is to provide rules of 
behavior, It is theoreticaily possible to completely organize 
@ group by writing such a complete rule book that every possibile 
“Pituation that can arise for each member of the group will be 
covered by an action to be taken by the person in the situation, 
It is clearly impractical to go this far with aimost any problem 
the evaluator may 54ave. For one reason, such a rule book would 
likely have to be so massive, contain so much cetail, that its 
use would pose 3a training problem of intolerably large Cimensions, 
Moreover, tf this were done the necessity for decisions by group 
members would be eliminated except for decisions as to what rule 
is to |e applied. Rule applicability decisions would ke 
routinig@ed through training and thereby the role of the group 
members would be reduced to recognizing situations and auto=- 
matically applying the rules. Unless the perceptual capabilities 
required for recognizing situations are those natural to ordinary 
human skills (allowing for training) and are otherwise quite 
complex to implement, the human components. are not being well 
utilized and would better be replaced by an automation of the 
process, It is quite true that many industrial operations in 
current practice require essentially no decisions of the operator 
except those involved in the routine use of his perceptual 
capacities and an automatic action triggered by the perception. 
To replace these jobs by machine operations is a challenge to 

the engineer, at least in part because such jobs make poor use 

of the whole man. To do so is no easy engineering task, for 

the human perceptual apparatus is an information haneling machine 
of great complexity and subtlety, one which is’ at present 
very imperfectly understood, The engineer must study the process 
with the psychologist’s help so that he can design sensory 
‘devices, equipment to process inputs from the sensory devices, 
and motor devices to take the actions required. The result wili 
be socially justified for the reasons just cited and the prob- 
ability that it will also be justified economically 1s increasing. 
The cost per unit of information communicated is decreasing and 
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Experiments on action Groups 


My colleagues, RX. Duncan Luce and Josiah Macy, Jre, anc I have 
studied action groups by laboratory experimentation (1). I 
shall briefly describe some of this experinentation anc its 

? 


results with a view to showing how it 
ments in mechanized iniormetion handling. 
We concentratec on information handling operations intern 
the group, and in particular, on the organization of rou 
functions. To do so, we instituted ricgic experinental co 
of the factors we were not udyine in order to bring ont 
intended to is i 

1 


© A 
ere 


the features we i@ reason we 

s in the labora than in the fi 
the consequence that ¢ 
application of our results would be weakened to gain t 
advantage of precision of control and analysis that is possible 
only in the laboratory. 


Je used five man groups provicec for the purpose from enlist 
military personnel. They were unselected except that men wi 
scores were excluded, The situation was cvesignec io exciuce 


competition within the groups ane to provice all necessary inputs 
of information without special acquisition efforts by the memhers 
of the The. task was very Simple, requiring no filteri 

or recoding, and timing was controllec by proviuing @ sicnal io: 


ersons to sei hich was tricgerec when the last 


ail 


ready to send, Routing choices were left open except as we will 

note later and cxcept that all messages were required to he 

single address. Since each man sent his first message at the 
aie time and likewise hi t each such 


occurence was called a croup act. The task objective was to 
input 


distribute five items of input cata, given one to cach ian, so 
that each man wound up with all five inputs in his possession, 
using as few group acts as possible. The evaluator was, oc 
course, the experimenter, anc his preference was mace known to 
the group by instructions which acvisec the members of the cronp 
of the exact minimum number of group ects with which the iniorn- 
ation distribution could be completec. Thus the croup 
clear and explicit goal anc since each man knew how mar Sac 
he had sent, he also knew how nearly the croup hae cone tc 


ne 
reaching the goal. 
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Aimost no organizational informatian was provided and no 
provisions for developing such information during the course 

of repeated trisls were permitted. Local second level inform= 
ation was naturally provided by the fact that each man knew 
what he had sent and to whom, and also what he had received 

and from whom, In this way the possibilities for developing 
organization depended either on-the @#ational use of the available 
second levédi information or on trial and error ‘learning. The 
experiments provided data on these aspects ‘of organizational 
growth and, in addition, certain rules varied from group to 
group were imposed on routing choices so that their effects 
could be tested. These rules were in the form of an imposed 
communication net which is a set of rules in the sense that it 
establishes the permissibility or impermissibility of sending 
for all pairs of persons in the group. The communication net 

is a readily managed way of imposing routing rules since it 

need not depend for its implementation on any person remembering 
the rules and thus it is easily made inviolable. 


The experimental results demonstrated that our subjects were 
able to make rational use of local second. level information 

and that they improved in this respect with practice. They 

also showed that the subjects learned to make effective choices 
in some cases when local second leved information could offer 

no basis. for a choice and that this learning was contingent on 

a knowledge of previous trial outcomes, There was avery strong 
interaction between rationality and learning as elements in 
organization and the imposed communication nets, I shall not go 
into detail about this matter, but only point out that the 
phenomenon is explained by the relation of the second level 
information provided from the flow ‘of first level information 

in the situations which can arise within various networks to 

the requirements for an effective information handling strategy 
choice in those same situations. 


In Summary of our conclusions from the experiments I will state: 


1. Information is just as necessary for. the control of 
information handling as it is for the control of action; 


2. Local setond level information will be automatically 
available for the control of first level information and can 
be well used up to the limits of its utility for this purpose; 


3. Global second level information as opposed to local 
information is available only if provision is‘made for its 
transmission and even if it is complete at ahkl times it is not 
a fully adequate basis for information handling decisions; 
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As, electronic enginecges create more subtle designs their demands 
for precision in compouents increase sharply. The manufacturer 
must supply the new cemand in @ competitive market, It is very 
expensive for him to redesign his operation and retool to produce 
the item, let us say resistors, with the requirec precision. So 
he uses information provided by a selection operation following 
his standard production method and is able to meet the cemand with 
no change in production facilities. 


Highway congestion is currently a major national problem, 
especially in urban areas, The only attempts at a solution now 
enjoying major support are programs for building more highways. 
This is undeniably a good solution in terms of the benefits 
produced, but it is an enormously costly one. Improvements in 
control measures are also being made, but these are picayune by 
comparison, They fail to make a real dent in the problem because 
they depend so little on information about the current state of 
traffic flow. Control is not based on operational intelligence. 
The time should not be long coming when traffic control computers 
provided with a very large capacity for sensing traffic conditions 
and processing this information for control purposes will remove ° 
us from the annoyance of signal systems insensitive to our needs. 
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EXECUTIVE DEVELOPMENT 
- IN THE FIRST PERSON 


Dr. John J. Corson 
McKinsey & Company 
Management Consultants 
Washington, D. C. 


To a profit-making concern, a good executive is as valuable as 
a good product. Hence, many concerns are getting around to spending 
as much on executive development as on research and product development. 


But executive development suffers from the fact that everybody knows 
exactly how to develop an executive. Hence, what is done ranges from 
the study of arts and classics to training in the techniques of reading, 
writing, and public speaking. Some employers train future executives 
in techniques of organization and management, others concentrate on 
training their executives exclusively in human relations, still others 
force would-be executives to read and debate cases, no matter what the 
cases may be about. 


If one looks at the vast variety of sure-fire ways we have for developing 
executives he is reminded of William Allen White's statement that: Every 
man is absolutely sure he can do three things as well as anyone else: 
"Rock a baby", "poke a fire", and "edit a newspaper." We might add a 
fourth: "Develop an executive” 


Executive development suffers also from the fact that it is viewed 
almost exclusively as a third-person process. Those of us who can 
look back in the year 2,000 will, I suspect, conclude that executive 
development in the first person, was the more productive of results. 

In the meantime, however, the bright-eyed and bushy-tailed industrial 
engineer will likely be puzzled. He looks at the variety of activities 
carried on in the name of executive development and asks: What does 

a guy do if he wants to climb the ladder? 


My comments are designed to help answer this question. I propose to 
do what a good industrial engineer does with a materials handling, 

a job standards, or any other problem. I propose to break the 
substance of executive development down into simple, component 

parts and with these parts develop an answer. In short, I propose 
to do three things: 


First, I will state three premises on which executive 
development - in the third person or iirst person- should 
logically be based. 


Second, I will describe four fields oi knowledge that would- 
be executives must recognize and then comprehend. 


Third, L will describe tive habits that the would-be 
executive must develops 


Premises ior Development 


As early as 1916, Henri Fayol, the noted French student on 
organization and management, showed how, as the individual rises 
from workman, foreman, shop manager, and department head to the 
rank of general manager and above, the "technical" abilities that 
helped him to rise become steadily less valuable. He made clear 
that the individual who climbs the managerial ladder need not 
sorget the skills that helped him up the first few rungs, but 

he must acquire new skills he didn't have, or he won't climb 
higher. 


Hence, the itirst premise is that the individual who would become 
an executive must comprehend, as he goes up step-by-step, new 
skills he didn't earlier need - and learn to relinguish those in 
which he is expert. 


unae ape these new skills or abilities? The accompanying chart 
eutitled "The Emerging Need for Management's Lore" suggests, in 
graphic form, the substance oi what Fayol described as “adminis- 
trative abilities". In short, it suggests these administrative 
abilities cone from an understanding of those fields of knowledge 
depicted on the right oi the chart. 


The second premise is that getting things done through other 

people, whether the task be undertaken within a church, a university, 
a bank, a manuiacturing plant, or a municipal highway department, 

is essentially the same process. And the abilities reguirec to 
carry out this process can be identified, delined, and understood. 


The third premise is that individuals who succeed as executives 
usually display certain traits that can be identified, made 
understandable, and developed. 


There are those who have contended that executives are born, 

not made. The very idea oi executive development contradicts 
such a contention. But we are at the stage in developing our 
processes olf executive development that we must rethink why we 
believe executives can be developed and how it can best be done. 


These three premises - (1) that progress throughout the workin 

life span requires the development of new and different abilities, 
(2) that the content oi administration can be broken down, deiined, 
and learned, and (3) that those habits that distinguish the 
successful executive can similarly be identified and developed - 
lay the foundation for that rethinking. 


One accepts the first premise when he asks: How can I, an 
industrial engineer, equip myself for an executive job? The 
question implies your recognition that you are a specialist, 
that you seek an opinion as to how you can develop the skills 
required for managerial tasks. Let me turn then to the appli- 
cation of the second premise that the content of administration 
can be broken down, definec, and hence, learned, 


Areas oi Knowledge Inherent in Administrative Abilities _ 


There are, I believe, four identifiable fields oi knowledge that 
wake up the content of Fayol's “administrative abilities." 


Une may question whether administration is yet a science. But 
one can not deny that there is an organized and rapidly growing 
body oi knowledge, which fills many books and articles, as to 
how one can best organize, plan, direct, and control the efforts 
oi human beings to a common end. 


The individual who is making the “bridge over" from being a 
‘specialist* to becoming a generalist has had little time or 
occasion to explore, let alone master this expanding body of 
knowledge. If he is to succeed as an executive he must master 
this area of knowledge. He may do this by being taught in 
"orograms™ or “courses". More likely he will master this know- 
ledge, almost consciously, by watching others, by reading and 
thinking. Whichever course he chooses, this field of knowledge 
is definable. It is clearly staked out for he who would develop 
himseli., 


Seconda, the specialist growing up needs to learn much about 

those other specialties that are equally essential to making an 
enterprise run. The research chemist who is being promoted into 
executive rank need not become a specialist in the selling of the 
enterprise‘s products. He does need to learn enough about the 
peculiar characteristics of the sales function to be able to 
"understand" the salesmen. ‘This much he must know if he is io 
yeriorm the executive's unique task of catalyzing the specialized 
contribution of the salesmen with the variety of individuals that 
make up the enterprise. 


Thira, the industrial engineer, or any other specialist, who 


_wants to climb the managerial ladder, must broaden himself. What 


\ 


does this loose, trite saying mean? It means that he has to 
understand the labor unions with which he must deal, the govern- 
ment that regulates, taxes, or controls the enterprise in many 
ways, the communities in which the company's plants are located, 
and the whole society of which his enterprise is a part. 


The would-be executive can not get ahead by having an expert 
knowledge of things, of books of account, of mechanical processes 
or of successful sales gimmicks. He must understand the customers, 
the workers, the bankers, the civic leaders, and the institutions, 
and the economic, political, and social forces with which the 
enterprise must deal. He must be capable of walking up to the 

life insurance president irom whom he would borrow a million or 

the national president of the union who can shut his plants down 
with the ease and self assurance that you or I greet an old college 
classmate. This is the stufi of which an executive's job is made. 


Fourth, those iew individuals who achieve major executive posts 

in large enterprises, either in Government or business, need to 
acquire still another set of special and complex skills. Executives 
at all echelons make decisions but the magnitude of the responsi- 
bility at the uppermost levels is so much greater, the stakes so 
much larger, that the very process by which decisions are mace is 
ciiierent in kind. The itoreman who can meet each of his workers 
cod deal with them on a iface-to-iace basis has problems oi comnuni- 
cation. Bul the executive who must communicate his opinions, 
ideas, and policies to thousands of individuals scattered trom 

one ocean front to the other has infinitely larger and more 
difficult communication problems. 


Leadership is one thing for the manager of a small, well-knit, 
compact group; it is vastly difiterent for the president of 
General Electric who must give direction, stimulate, and speak 
ior the thousands who make up an industrial empire. 


In short, what I want to get across to you is thai some responsi- 
bilities of the executive, while similar in kind, are so different 
in degree from those of his subordinates as to be very different 
in fact. The diifering character of these tasks make up what I 
call the “executive process." 


Essential Habits 


He who masters each of these four tields of knowledge will still 

not have become an executive. You have seen in many fields, the 
guy who has plenty oi “book larnin™ and yet is inefiective at 
making it work. So too it is with the potential executive. The 
golier, after he has read the book, must develop the habit of 
keeping his head down and his left elbow stiif. The would-be 
executive, aiter learning what there is to know of these four areas, 
must develop Live habits. 


First and foremost, the would-be executive must trust other 
people. f!'e must have a minimum of the NIH factor (not invented 
here?) in his makeup; he must be able not only to welcome the 
ideas of others, but to plant his own ideas in the minds of 
others and to compliment them on their ingenuity. His receptivity 
must go to the point oi exercising: creat powers of self-restraint. 
He doubtless was an expert in his own field yet he must possess 
suiiicient restraint to enable him to be content with exercising 
broad controls over results and to reirain from telling the 

sales manager how to sell, the comptroller how to keep his 
accounts, or the personnel nan how to do his job no matter how 
expert he may have been in any one of these fields. 


secondly, he must no matter how experiencec, learn to rely on 
facts. He must habitually deal with each question in turn on 

the basis of the facts. He can not afford to rely on experience, 
u much over-rated asset. There are two reasons why. 
Coleridge has said that experience is like the stern lights on a 
ship; it illuminates only the past. Only hy consideration cf 

the tacts, day after day, can experience be kept up-dated and 
continuingly worthwhile. Second, the assertion oi experience, 

like the “pulling of rank" is a first-rate way of discouraging 

the young and capable assistant. Recourse to facts provides an 
objective basis for rejecting the assistant's proposals while 
contributing to his understanding; the mere assertion of experience 
contributes little to developing an individual for whose develop- 
went the executive is responsible. 


Thirdly, in my experience, the successful executive is always 
marked by an insatiable curiosity. It is this curiosity that 
enables the successiul executive to keep his decision-making 
batting average up. Successful executives, as I have seen theia, 
in business and in Governnent, are constantly seeking to learn 
about every facet of the enterprise ior which they are responsible. 
They are not content to sit “on high" and to bless someone's 
recommendations. Their metabolism is such that they have to poke 
their nuses into one corner of the business aiter the other and 
they do so with the uncanny facility oi while having their noses 
in, they keep their fingers out. 


Fourth, the successful executive intuitively senses the reactions 
oi those whom he must persuade. These will include at one time 
the bankers, at another time the customers, at another time the 
union negotiators, and at still another time the employees. The 
successiul executive develops the ability not only to understand 
those with whom he will deal, but to talk their lingo with an 
appreciation of what it means to them and what reactions it will 
engender. This is indeed a fine art and an essential one. 


In passing, let me suggest that "specialists" "break their picks" 
most often by tailing to sense the problems oi, understand the 
reasoning oi, and to speak the lingo of their bosses. 


The problem is, afier all, a relatively simple one. The 
specialist must talk to the boss in terns of the {frame of 
reference in which the boss will evaluate the specialisi's 
recommendation, The specialist who talks only in his own lingo, 
and thinks only in terms oi his own frame oi reference, is a 
tiresome assistant who helps little and will not likely grow tar. 


Filth, the truly successiul executive budgets his time with the 
parsimony (and probably much greater skill) than the newly 
married couple budgets their meager resources. 


Most of us have limited control over our own time. Deadlines are 
set for us, Staif meetings are scheduled without our consent. 
Appointments are fixed at which we are expectec. Our time is 

in considerable part planned (or misplanned) by others, usually 
our superiors. 


The executive is substantially the master of his own time. 
That mastery, however, is not freedom, because he is besieged 
with demands upon thai time. lis success Cepends upon his 
ability to eifectively utilize that time. 


{i he learns to schedule his time even as the miler learns to 
pace himseli, he will accomplish much, be readily available to 
his staii and to those fron without who would see him, and at 

all times exhibit an air oi placidity and casualness that is the 
mark of any man truly iu command of his own resources. Ii he 
fails to learn how to manage his time, he will be difiicult for 
ior his staif to reach, he will antagonize key customers, he will 
continually wear that look of harassment, and eventually 
he will die of ulcers or a coronary. Managing one's time is a 
habit that can be acquired and must be iif one will succeed as an 
executive. 


Summary 


This is my prescription for executive development. I have broken 
executive development cown into nine components. Each is a 
deiinable, distinguishable piece that the industrial engineer 

who hopes to graduate irom the ranks of a great profession to 
that oi a better paid one, if not a greater one, can master. 


How, you may ask? Opportunities are at every hand in most {firms 
today. There are developmental programs within the plant and 
ihe crown princes are sent off to universities. 


— 


But aiter all, most men are developed by every day's experiences. 


Let me drive this home by a homely story. My son came home from 
camp one summer with a different and unusual walk. He carriec 
his shoulders difierently somehow; his stride was somewhat 
changed. It was noticeable but the reason was not clear. Then 
one day one of his counselors he had told us he admired greatly 
caue by to visit him. Seeing this older boy walk up the pathway 
made perfectly clear where my son's altered carriage had come 
irom. He was copying one whom he admired. 


This is the way you and I have learned much of what we know today. 
It is the way many executives are developed. In your company 
and in every other company, there are successful executives who 
never heard oi any one of the four areas of knowledge and five 
habits I have described, but who practice each. Watching and 
copying them will teach more than all the books or even the 
courses that one can take. This is executive development in the 
iirst person. If you accept my diagnosis of the nine components 
oi executive capacity, then you know what to look for in the 
execuiive whose example can show you the way up the executive 
ledder wore surely than any book or course. 


My best wishes for your development as executives. 
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THE LORE OF MANAGEMENT 


Understanding 
the other units 

of the enterprise- 
the manager's 
product is the 
balanced integrated 
performance of several 
interrelated units 


Understanding 
the forces outside 
the enterprise that 
influence what can or 
should be done or are 
affected by what is 

or is not done 


Techniques of effectively, 
using human beings 

in an enterprise- 
organization, policy 
making, control, 
personnel management, 
and method 
improvement 


Techniques of 
executive direction- 
leadership planning 
decision making 
communication 

and integration 
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OPERATIONS RESEARCH IN ACCOUNTING 


Roger R. Crane 
Manager of Research - Management Sciences 
Touche, Niven, Bailey & Smart 
Detroit, Michigan 


Perhaps it would be more accurate to call this paper, 
"Operations Research by Public Accounting Firms" rather than 
"Operations Research in Accounting." But in either case a 
few words of introduction might be desirable to indicate the 
relation of operations research to public accounting. 


Operations research relates to the activities of accounting 
firms in two ways. First, the basic function of such a firn, 

as the audit of the financial activities and status of a corp- 
oration, is in itseli an operation subject to study and improve- 
aent by scientific methods. The use of statistical methods to 
aid the auditor in certain of his tasks has already achieved 
some success and we will niention an example of this type later. 


Second, wanagement has long made a habit of' capitalizing on the 
audit firm's experience and knowledge by requesting guditing 
iirms Lo conduct special projects for them. ‘hile these projects 
normally were related in some fashion to the special. knowledge 
oi the auditing firms, the areas where this knowledge has been 
sound to be valuable includes a number of the major activities 
of the corporation, such as inventory and production control, 
forecasting, planning, cost systems, and budgetary controls, 
Operations research has demonstrated its ability io contribute 
to problem-solving in these areas and hence is 4 valuable 
addition to the capabilities oi the firm on such projects. 


Thus, OR is useful in an accounting [firm in doing research on 
the activities of the accounting firm itself, as well as in 
supporting the special work ior clients. 


In this presentation, I would like to describe three projects 

as illustrative of the work in which accounting firms are engaced. 
The first is an application of statistics to an auditing problem. 
The second is an application of linear programming to production 
scheduling. The third is the description of an attempt to develop 
a set of principles useiul in increasing the utility of top manage- 
ment reports, and the results of the application of these prin- 
ciples in a particular case. 


APPLICATION OF STATISTICS TO AN AUDITING PROBLEM* 


As you all probably know, an auditor, generally speaking finds 
it necessary to satisfy himself in some manner as to the amount 
of physical inventory which the corporation he is dealing with 
represents that it has on hand. This is a case history of a 
fairly interesting situation where measuring the inventory and 
its value was necessary but a conventional physical count of 
items was impossible and it was necessary to resort to statistical 
sampling theory to solve the problem. The problem here was to 
establish with a high degree of assurance the value of a piled 
inventory of metal-bearing ore. The complicated portion of this 
verification was the determination of the proportion of metal in 
the ore on hand by a valid but economical statistical sampling 
plan. 


The ore to be inspected is dumped in essentially discreet piles, 
a freight carload at a time. Thus the determination of metal 
content can be considered to involve two distinct concepts and 
associated sets of assumptions: (1) establishment of the pro- 
portion of metal in the ore under the assumption that the whole 
inventory consists of ore and (2) examination of enough of the 
individual piles to gain some assurance that most of the lots 
are in fact ore. There were 22 of the separate piles of ore in 
the inventory. 100% assaying of all of these piles was econom- 
ically not feasible. Actually it is conventional to check the 
metal content of the ore by assaying cores drawn from the piles. 
Thus the problem was to determine how many cores should be 

drawn and where they should be taken. 


In determining the method, or sample design, unrestricted random 
sampling by conceptually representing the surface area oi each 
pile as a checkerboard of basic sampling units and selecting a 
sample was found to be unsatisfactory. This method was rejectecd 
because it became apparent that information was needed on the 
variation both among and within piles in order to obtain statis- 
tical assurance on the accuracy oi the sampling estimates. Also, 
the second of the two concepts under which the test was being 
conducted required allocation of the sample among piles. Un- 
restricted random sampling did not permit allocation of effort 
between two such subsections of a population in 4 manner to 
minimize sample size. 


*This example was taken trom a report prepared by 

Prof. Richard Cyert of Carnegie Institute of Technology and 
Mr. Robert Monteverde of Touche, Niven, Bailey & Smart. 
This report will be available soon as a chapter in a book 
on applications of statistics to auditing being completed 
now by Prof. Cyert and Mr. Robert Trueblood to be 

published later. 
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Since records were available showing for each pile the metal 
yield or percentage as assayed ai the mill and again as assayed 
on the receipt data, it was possible to siratify the lots hy 
anlicipated percentage oi metal into homogeneous groups for 
sampling purposes. This basis of stratification was discarded 
when analysis of samples drawn to obtain some initial information 
on the population showed that the variation among the groups was 
excessive. 


The method finally decided on was a two-stage, randomly-dcrawn 
sample in which first a number of carload lots were selected, 
then from each lot two or more of the squares of the previously 
nentioned conceptual checkerboard were selected and from each 

of these a core was drawn. This allocated effort so as to cover 
a significant proportion of lots and enable measurement of 
variation within lots while minimizing sample size anc hence 

the total cost of the analysis. The cost of a single core 
analysis, incidentally, was $25. 


Vith the method established, statistical formulations were made 
available relating sample size to the variations oi the data 
being sampled. The initial sample data gave unbiased estimates 
of the variations in the total population which permitted 
calculation of the sample size necessary to meet any desired 
limits of precision and reliability.* 


To meet the first requirement of estimating the amount oi metal 
in the ore with an associated precision, the estimated population 
variation among lots and within lots was computed. The former 
was sufficiently larger to eliminate any eifect oi the latier on 


sample size. However, conpilation of some data on variation within 


lots was necessary to measure this variation, hence a sample size 
of two cores per pile was established as a minimum. A precision 
requirement of 42% about the mean with 5% reliability was estab- 
lished and number of lots necessary to satisfy these require- 
ments calculated to be 10. 


This same sample was used again to determine whether or not 

some of the 22 carload lots actually did not bear metal. If 

the sample of 10 turned out to show metal in each case then 

this implied that there remained a 15% risk of accepting the 
inventory of lots when three or more were defective. Though 
this protection is low from a purely statistical point of view, 
it was considered adequate for verification purposes since the 
testing was only one of several independent procedures including 
a review of the internal control used which was considered satis- 
factory. 

*Precision here used in a statistical sense, hence meaning 

the range of values about a sample estimate within which the 
true population value is contained with 4 stated probability 

or reliability. 
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Thus the application of statistical methods led to a satisfactory 


practical solution of this somewhat novel inventory measurement 
problen. 


AN_APPLICATION OF LINEAR PROGRAMMING TO PRODUCTION SCHEDULING* 


A paper manufacturing company was faced with the situationthat 
total demand for their products continued to exceed their 
manufacturing capacity over an extended period of time. Orders 
were generally scheduled chronologically as received. The 
resultant backlog slowly but steadily increased until management 
decided that orders should be selectively accepted on the basis 
of relative profitability. 


This project did not start out with an immediate application 

of linear programming. Help was requested initially to establish 
a means for determining relative profitability for the various 
products manufactured. There were approximately 2,000 distinct 
products and nine papermaking machines. It was first necessary 
to isolate the fixed costs and classify the variable costs, in 
dollars-per-hour of machine operation. From the available 
standard running times-per-ton of product this variable cost 
could be converted into dollars-per-ton of product and subtracted 
from sales price per ton to yield the relative profitability of 
each product. It was assumed that the total available machine 
hours ior a schedule period then would be loaded with items in 
order oi decreasing profitability until capacity was reached 

anc the remaining orders rejected. At this point the problem 
appeared to be simply the routine task of making this cost- 
computation for the approximately 2,000 end products. 


As the collection of detailed cost data and running times 
progressed, several points contributed to the difficulty of 

ihe problem. For one thing, the time (or cost) it took to make 

a product differed markedly among the nine papermaking machines. 
tany products had never been made on all the machines so no 
historical daté were available. Fortunately, at this point it 

was also observed that certain oi the 2,000 end products logically 
could be grouped into about 350 fairly homogenous subgroups. 


As a result of further consideration of the first point mentioned 
above, it became clear that over-all profitability of the system 
would not necessarily be achieved if products were assigned to 


*Reported by D. W. Jennings and Francis Walker of Touche, 
Niven, Bailey & Smart at the December 1955 national 
meeting of the Econometrica Society in New York. 


machines solely in order of Cecreasing profitability. For 
example, it was evident that though Product A might attain its 
greatest profitability on Machine #1, this selection nicht 
result in iorcing Product B onto Machine #2 at such a low 
profit that the total proiit would be less than ii the combin- 
ations were reversed. Such an error and how to coupensate ior 
it might be obvious in & 2 machine-2 product problem, but it 
is not obvious for nine machines and 350 products. Recognition 
oi this problem, suggested the desirability of using linear 
programming if possible. 


Using the proiitability iigures which had been devcloped, the 
problem was expressed mathematically in a linear programming 
form. The general, exact method of solution tor this problen, 
the simplex method, was found to be inapplicable because ol 
the size of the matrix involved (359 by 700) and hecause 
access to a computer which might have handled this problem in 
a reasonable time interval could not be obtained on a workable 
schedule or at ieasible cost. ; 


Further study oi the matrix structure by Proiessors W. Cooper 
and A. Charnes then oi Carnegie Institute of Technology, who 
were retained as consultants on the problem, resulted in the 
conclusion that the numerical form of this problem was such 
that it closely approximated that of the simpler form oi 
linear programming problem, the transportation form. This 
form has the happy characteristic that even ior large watriccs 
it can be solved manually in a reasonable time by relatively 
simple numerical techniques. 


The condition not. presently fuliilled by the problem ane which 
had to be met to transiorm it into the transportation fori 
required essentially that ior each product-nachine combination 
the conditions of the problem be modified in such a way that 
the ratio of tons to hours be one. In rough terns, this step 
is essential in order that one ton of each product (Cor its 
adjusted equivalent) correspond to one hour of wachine time so 
that the units oi the products be interchangeable. It was 
apparent that although the characteristics of the initial 
formulation made it possible to make sone adjustment, which 
would bring this about approximately; it was by no neans 
possible to conclude that this was @ general procedure.* 
Without coing into the technical reasons behind this move, 
suilice it to say that it is this increased ilexibility which 


*Vurious checks oi the signiiicance oi this approximation 
indicate surprising lack of sensitivity oi the final answer to 
the approximetion. No general theory lor estimating the exact 
énswer is known Lo he available at the moment, however. 
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permits wore rapid numerical solution oi the transportation 
model. It should be noted that after solving the problem in 
the transportation iorm, the answer must be readjusted back to 
fit the original real situation. 


To help you see how all this works, 4 simplified problem of 
this type is shown in the first slide. Products are shown on 
the lines with maximum requirements noted at the leit; machines 
are in rows with maximun capacity noted at the bottom. The 
figure in the larger section of each square is honrs-per-ton 
and in the smaller section is dollars-per-ton. Specifically 
the problem is to converi the figures in the large section 

of the boxes to ones using only the following two types of 
moves which we can illustrate in the next slide. First select 
adjusting factors for the columns in the manner shown in the 
slide and then select adjusting factors for the rows as also 
shown, The use of adjusting factors in columns alfects machine 
capacity and the row factors aifect proiitability and product 
requirement, which in turn then must be adjusted accordingly. 
Once the problem is set up in this form, the rim conditions 
wust then be satisfied in the usual way and the stepping stone 
wethod Cor other method) can be used to solve the problem. 


This system was installed for loading machines on a weekly 
schedule. The problem is solved by essentially an untrained 
wan in about 2 hours. This method was run experimentally 
alongside the existing judguental loading and yielded results 
20% better than the judgiental loading. 


In addition to improved scheduling this study disclosed the 
inadequacy oi existing cost cata and led io a significantly 
improved cost systeu. Thus, although strictly speaking, 

there are wany ways in which this application micht be improved 
theoretically, on a purely pragmatic basis, the installation 
was considered a success in that it afforded signiiicant 
improvement at slight cost. 


MANAGEMENT REPORTS 


Turning now to our third case, wanagement reports; the necessity 
of improving such reports, particularly the lop Linancial 
reports, has been receiving more attention in recent years. 
There has been an aiteupt to develop certain specific tests 

for the review oi such reports. These tests might be 

suunarized in tentative and informative iashion as follows: 


(1) Does the information relate to the particular 
responsibilities oi the person who will read it? 


(2) Are the data limited to those kinds which conceivably 
woule ke asefvl in careryin, cat such responsibilities? 
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(3) Are insigniiicant digits include? 
(4) Are the data appropriately classified and summarized? 


(5) Is the iigure information shown in relative terms 
wherever practicable, Le., per cent or per unit? 


(G) Does the report form highlight the exceptions which 
require management attention? 


(7) Is the report torm designed ior easy readability 
with attention to symmetry and avoidance of over-crowding? 


(S) Has the rule been observed that the more figures in 
a given space the less iniormation the reader is apt to receive? 


(9) Has the distinction been recognized between information 
to be routinely reported and that which is useiul only tenpor- 
arily and intermittently? 


(10) Has the necessity of tineliness been observed? 


While these “iesis™ are iar from completely adequate from a 
scientific point oi view, nevertheless their repeaied appli- 
culion by diiierent individuals had led to surprisingly 
similar and useiul results. The kind of results achieved can 
be illustrated by the following two slides which because oi 
the coniidential nature of the information contained therein 
have been modified numerically tron the actual reports fro 
which they were taken, 


The itirst slide is an example oi a conventional, popular form 
of a report to top management of operating statistics for a 
manuiacturing company, here called the XYZ Company. While this 
report is considerably better than some that might be shown, 


let us see what happened when the simple tests mentioned above 
were applied. 


The next slide shows this same report modiiied in accordance 
with these tests. Without going into great detail, it is 
immediately evident that many unnecessary numbers have been 
dropped trom the first report, that the categories oi inforn- 
ation shown have been reduced, and that new iniormation in the 
form of month to month repetition of certain quantities has 
been introduced for comparison purposes. 


To purely scientific personnel this change may appear somewhat 
less than earthshaking. Others more tamiliar with this field 
will recognize that these reports break with at least one 
time-honored and carefully preserved tradition, the requirement 
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that totals be presented accurate to the cent and that any 
breakdown of these totals be given completely and with the sane 
accuracy so that totals may be verified. 


Reports like these to top management and reports at all levels 
oi management have been changed as a resuli of a "new look" and 
are now being successiully used in industry. While this in 
itseli is important, perhaps the greatest contribution of the 
development oi these useful testis is that it helps to make 


practicable the application of quantitative scientific methods 
to this tielda. 


For example, we have the application of mathematical techniques 
(statistical quality conirol) to the evaluation of the performance 
oil units of @ particular manufacturing operation, the development 
oi a useiul graphic form of presentation of this information to 
management, and the establishment of consistent quantitative 
performance criteria. Accountants have long been active in such 
related tields as budgeting, forecasting, and cost systems; sone 
are currently in the process of conducting long-range research 
studies in the general field oi management controls of which, oil 
course, these reports play a big role. Through the turther 
application oi scientific research directly on design of manage- 
meni reports, it is hoped that a beginning will be made toward 
pulling these widely diversified areas together into a common 
locus. 


CONCLUSION 


It has only been possible to give you a briei summary oi these 
three cases. Very likely I have raised considerably more 
questions than I have answered. However, 1 hope I have been 
able to contribute to some extent to your further understanding 
oi the nature of operations research, how it works, and the 
diversity of areas in which it can be applied. 
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"MEMOMOTION - A PRACTICAL INDUSTRIAL ENGINEERING ANALYSIS TECHNIQUE” 


Samuel We Earle 
Union Carbide and Carbon Corporation, New York, New York 


Ladies and Gentlemen, it is a pleasure to be here this morning and to be able 
to discuss with you some of Union Carbide's work with the memomotion tech- 
nique. I think we all realize that a mutual exchange of information on Indus-~- 
trial Engineering techniques can be advantageous to everyone. 


This morning, I would like to preface my memomotion remarks with an outline 
of the Corporation's Management Services Department and what we consider to 
be the areas of Industrial Engineering. I will present a general discussion of 

the application of the memomotion technique in many of the areas. Next will 

be a detailed discussion on two projects, illustrated with slides and films, in- 
cluding the study, and analysis and presentation of data. Finally, I will comment 
on and show you the equipment required for such a study. We have material to 
pass out for those who desire additional information concerning the equipment 
sources, and further background inthis technique. (This material is not in- 
cluded in the proceedings, but can be obtained by writing Management Services 


Department, Union Carbide and Carbon Corporation, 30 East 42nd Street, 
New York 17, N.Y.) 


UNION CARBIDE AND CARBON CORPORATION 


A quick word about Union Carbide might better acquaint you with the Corpora- 


tion's activities and will assist you in understanding the role of the Management 
Services Department. 


Union Carbide and Carbon Corporation was organized in 1917, bringing together 
several companies with similar research and production interests. The history 
of some of these companies dates from the 1870's. 


Today, UCC is one of the nation's large and highly diversified manufacturing 
corporations. Its operations extend into six fields; ferro-alloys and metals, 


carbon products, gases and organosilicon products, chemicals, plastics and 
nuclear energy. 


Few companies are concerned with so many complex and technical operations 
as Union Carbide. In the plants are used processes that range between the 
physical extremes of heat and cold and terrific pressures and high vacuums. 
There are at the moment, 14 different domestic companies and divisions oper- 
ating in the United States, including the internatioml company. In addition, 
several divisions of Union Carbide Canada, Limited operate in Canada. We 
have over 70,000 employees and almost 115, 000 stock holders. The Canadian 


and domestic facilities include over 400 plants, factories, mines, mills, labora- 
tories and sales offices. 
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The Corporation's products for the most part are unseen in our everyday life, 
because they are the raw materials of industry. 


However, hardly an item is 


made today that is not in some way related to products and processes of UCC, 


Slide 1, illustrates the major raw materials, basic processes, industrial pro- 


ducts and uses and consumer products of Union Carbide, and shows how the 


various groups of the Corporation are interrelated. 


The list of specific products is quite lengthy, hence this chart shows the way 


in which the Corporation products are used rather than specific things made 


by UCC. 


ELECTRODES 


| METAL ORES AND LIMESTOWE 


INDUSTRIAL PRODUCTS INDUSTRIAL USERS CONSUMER PRODU 
BATTERIES AN 
FLASHLIGHTS 
STEEL AMTI-FREEZES 
MOTION PICTURE, ELECTRICAL, 
CHEMICAL, METAL INDUSTRIES, ETC. 
STEEL, ROM. AND 
FERRO ALLOTS AWD METAIS 
WON-FERROUS INDUSTRIES 
" 
CHEMICAL, AIRCRAFT. O11, 
WELDING AND CUTTING METALS 
STEEL, SHIPBUILDING, 
INDUSTMES, ETC. 
FOOD, SIGH INDUSTRIES, ETC. 
SOTTLEO Gas, 
INSECT REPELLENT! 
AND FUNGICIDES 


CHEMICAL TEXTHE 
AUTOMOBILE, PLASTICS. COATINGS. 
PHARMACEUTICAL INDUSTRIES ETC. 


PLASTIC FABRICATORS 


Through research, Union Carbide is constantly striving to satisfy the five basic 
human needs; food, clothing, shelter, health and transportation, by developing 
better and new products in our six major fields. 
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RAW MATERIALS BASIC PROCESSES 
COM AND COKE 
i? - ORGANIC CwEMICALS 
RESINS AMD CHEMICALS 
| 


We have copies of the booklet, "Products and Processes", available for anyone 
interested in more detail. 


MANAGEMENT SERVICES DEPARTMENT 


The Management Services Department is a corporate management consulting de- 
partment, whose function is to assist in minimizing cost and optimizing clerical 
and production methods. 


Located in New York City, this department is under Mr. J. K. Baker, and reports 
to the Corporation Treasurer. Assistance from the department can be obtained 
by request from any of the corporate and divisional departments, which have their 
choice of our services or those of outside agencies. We provide technical assis- 
tance, consultation service, and training. Some jobs are completely handled by 
our staff; others are done on a teamwork basis, utilizing plant personnel; and 
some are taken on a consulting basis. 


(Slide 2) There are four sections of the department: Electronic Data Processing, 
Procedures and Methods, Operations Research, and Industrial Engineering. 


The Electronic Data Processing Section investigates and evaluates electronic com- 
puters, investigates and evaluates applications, and programs applications. 


The Procedures and Methods Section is concerned with the survey, design, and 
installation of administrative and cleric al procedures; survey, design, and installa- 
tion of IBM systems; organizational review and planning; mechanizing office opera- 
tions; establishing filing techniques; and coordination of Corporate procedures. 


Operations Reseatch, as we see it, is the application of scientific methods to 
various types of problems. This section utilizes many of the advanced mathe- 
matical tools. 


The Industrial Engineering Section provides survey, design, consultation, training 
and installation assistance in the fields of plant and office layouts, material hand- 
ling, warehousing, factory methods, factory work measurements, factory systems, 
and reproduction. Recently, we have become involved in establishing divisional 
Industrial Engineering functions. This includes training and auditing. I might 

add that when we establish a plant Industrial Engineering group, we also equip 


them to be able to do systems and procedures work, cost estimating, and methods 
training. 


The corporate General Tabulating Department, also reporting to Mr. Baker, per- 
forms the function of a tabulating and computer service center, This equipment 


is used by many groups, including the four sectias of our Department to solve 
varied problems. 


INDUSTRIAL ENGINEERING 


We feel that a program to be successful, must have a good foundation, In 
order to provide a good foundation and a uniform understanding of the 


Industrial Engineering function, we have adopted the following definition 
(slide 3): 


"Industrial Engineering is that branch of engineering wherein special know- 
ledge of the mathematical, physical, and social sciences together with the 
principles and methods of engineering analysis and design acquired by pro- 
fessional education and/or practical experience are used to solve, ina 
scientific manner, the problems of designing, predicting the performance 


You will note this definition, proposed by the SAM committee on professional 
industrial engineering standards, (M. E, Mundel, Chairman) parallels very 
closely the AMIE definition of the Long Range Planning Committee (Industrial 
Engineering Seminar, Cornell University, October 20-21, 1955). This to me 
is very heartening. We now have two professional societies concerned with 
industrial engineering, writing definitions which are identical in intent and 
very similar in wording. 


In passing, I might add that we feel the activity of industrial engineering can 
be thought of as consisting of two phases: (slide 4) 


Design - Preparing plans for work to be executed. 


Administration - The actual performance or control of the 
design after necessary management de- 
cisions are made, 


(Slide 5) Rather than attempt to circumscribe in detail the scope of Industrial 
Engineering, I will simply say briefly that we feel it is concerned with the five 
. -broad areas of methods, time, control, personnel, and surveys. 


The individual plant size, product, objective, organization, and production 
volume determine the breadth of an Industrial Engineering program. One 
department performs the functions of office and plantlayout, normal cost 
determination, methods, standards, jig and fixture design, materials hand- 
ling, packaging, supervisory methods training, systems and procedures, and 
forms control, 


of, and controlling an integrated human group activity, the related physical | 

facilities, and accompanying pattern of interrelationship". 
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movements in an operation to improve methods, define problem areas, or 
set standards. It can be considered a special form of micromotion study 
in which the motion pictures are taken at unusually slow speeds. 

(The memo card also has this definition) 


It uses filming speeds of 50, 60 or 100 frames per minute, with an accu- 


rate time interval between pictures to provide a record for frame by frame 
analysis. 


It is another means of performing the third step, Breakdown, in our 8 step 
systematic approach to a problem. 


Micromotion, you know, is used to study an operation by its detailed motions; 
whereas memomotion is used to study an operation by its main movements. 
This distinction between detailed motions, such as therbligs, and main move- 
ments is the major distinction between micromotion and memomotion study. 


Now, a word about camera speeds and the differentiation between regular 
speed, time-lapse, and memomeotion. 


As Dr. Mundel states, 'Normal speed motion pictures (eight to twenty-four 
frarnes per seconds), are usually used where a record is desired which will 
permit a reasonably identical visual reproduction of an event. Such speeds 
likewise permit an examination of the fine details of the action recorded. 


"True time-lapse photography in which the pictures are taken at one frame 
per fifteen seconds, or at greater intervals, resembles work sampling in that 
only a sample of a series of events is recorded. In such cases, it is assumed 
that either the sample is representative of the whole, or that actions in the in- 
tervals between the pictures may be inferred from the picture. 


"Memomotion with filming speeds of 50, 60, or 100 frames per minute, with 
an accurate frame to frame time interval does not permit a true reproduction 
of a series of events nor is it a sample of the events, but it is something in 
between. The pictures are sufficiently close together in time so that all 
actions are usually recorded, but far enough apart so that the motion-time 
relationship is distorted when the film is projected in the normal fashion, 
even at very slow speed." 


This distortion, we shall see, of the time-motion relationship when projected 
is actually an advantave because it emphasizes various aspects of the activity 
and permits rapid review of lengthy events. 


WHY THE TECHNIQUE IS EMPLOY ED (Advantages) 


Memomotion study is used for the following reasons (slide 6): (or memo-card) 
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the operation. 


film footage is required. 


It provides a more accurate record than visual 
means for analysis and film appraisal. 


It will record inter-related events more accurately 
than visual techniques. 


It is a vehicle for work measurement, since the 
camera runs at constant speed. 


It facilitates the focusing of attention on the major 
movements of the job. 


It reduces the film to be analyzed without reducing 
the period covered. 


It reduces film costs to about six percent (6%) of 
costs with normal speed. 


Advantages 1, 2, and 3, above, 2re common to other types of film analysis, 
but advantages 4, 5, and 6 are peculiar to memomotion photography. 
(Refer also to the memo-card) 


Professor Richardson states, ''When the advantages of filming are desired, 
but detail is not necessary, memomotion study provides, by a simple frame 
count, an accurately timed, positive record of all the variables present in 
Also, the film provides a simultaneous record of many of the 
physical characteristics of the job which are dificult to record any other way. 
After data has been gathered and analyzed into meaningful categories of ac-. 
tivity, elements can be selected or discarded. Such selection is not possible 
by conventional means - clock or stop watch elements once selected and 
timed cannot be further subdivided, "' 


Explaining item 4 - Tony Tseng states, "By focusing attention on the major 
job content, since an hour's operation can be shown in about four minutes 

at normal projection speed (action is extremely accelerated), any non-pro- 
ductive movement, such as excessive walking or long delays, will be brought 
out more prominently than in a motion picture filmed at normal speed." 


Discussing item 5 briefly - 


The development of this technique was motivated by the need of economy in 
film analysis, not only in film cost but in analysis time. 
at one frame per second rather than 16 per second, only one-sixteenth of the 
Analysis and data gathering time on one job ran in 
the neighborhood of 38 hours using the memomotion technique. 
method would have consumed an estimated 170 hours, 


By recording action 


A conventional 


Each of the areas of application of a study must have an objective. The 
purpose of making a memomotion study may be: (Vu-graph - write on 
or slide 8). 


a. to record and improve a method 
b. to define a problem area 
c. to set standards 


AREAS THAT LEND THEMSELVES TO THIS TECHNIQUE 


The application of memomotion study seems almost unlimited, It is most 
useful as an aid in studying any or any combination of the following (slide 9): 


a. Long cycle operation 
b. Irregular cycle operation 
Cs Crew activities (multi-man) 


d. Long period studies 

e. Multi-machine operation 

f, Plant layout 

g- Ratio delay studies 

h. Irregular occurrence in a normal cycle 


i. Recorded picture histories 


The key word is "aid", The film only records theevents and still must be 
analyzed. 


Because of its newness, the fields of application of memomotion are limited 


only by the thoroughness of the engineering data required and the operating 
budget. 


Memomotion has been used successfully to record pictorially the detailed 
operation of jobs being studied, so that management and/or a union could 
be shown the developed methods changes. Also the technique has been used 
to show operational differences of two or more operators on the same job. 


Application in the area of plant layout has been successful in every case. 
Long-cycle work showing man, machine, and material movements have 
usually been improved through analysis and subsequent operational changes. 
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Ratio delay studies, using a camera as the recording device, have been 
successfully made. In these studies electric clocks were used to start 

and stop at random the motor diven camera. With this technique, 

several hundred observations can be recorded on film without an obser- 

ver present in the shop. We feel it is better, however, to work sample 

a film taken at one of the memomotion speeds, thereby avoiding the assump- 
tion that the recorded events are representative of the whole. This has 
been successfully done by several people. 


Experiments are being made on some operations which are considered 
normal, but have an irregular element occurring in an unpredictable 
manner; for example, breaks in a process machine. By using micro- 
switches to activate the camera when the irregular element occurs, an 
exact recordan be obtained and analyzed at a future date. 


PROCEDURE FOR MAKING A STUDY 


Before discussing the procedure and showing you various examples of 
memomotion study, I would like to call your attention to two features. 


First, we consider the camera another member of the Industrial Engineering 
Department. We utilize the camera to do a job where the camera is an ob- 
vious tool to gain the desired result. It is considered a working tool, nota 
luxury gadget. Second, we use fast film and no auxiliary lighting since the 
primary purpose is to record data. Consequently, the pictures were taken 
with a minimum of fuss and as economically as possible. Weusually get 
good pictures, but we do not aim for anything extra special. Many of the 
pictures you will see, were made by people with only "Brownie" experience. 
After a half-hour instruction, anyone can take these industrial movies. 


Let's start by showing the difference between action recorded at regular 
speed and memomotion speed. First let's look at a short strip of regular 
speed film (1000 frames per minute) taken by Messrs, Wright and Thompson 
of our Texas plant, showing an automobile starting, driving a given distance, 
stopping, discharging and picking up people, turning around and returning to 
the starting point. (film) {66 seconds) 


Now let's look at the exact same condition taken at memomotion speed (60 
frames per second inthis case), (f i1m) (5 seconds) 


You have seen 66 seconds of activity -- the latter, when projected, highly 
accelerates the movement. Your memo card shows, as does (slide 8), the 
procedure for making a memomotion study. 


The procedure is generally divided into four major steps: 
l, Planning for Filming 
a. Inform shop personnel 
b. Plan Camera setup 
c. Arrange to gather supplementary data 


d. Determine memomotion speed, period 
to cover, estimated total filming needs. 


e. Check your equipment 


2. Filming and Data Collection 
3. Analysis of Operations 
4, Presentation of Results (usually graphic presentation 


for study, criticism and improvement) and formula- 
tion of improvements. 


Let me explain briefly, the general content in each step. 


Talk the project over with your shop people and be sure also that industrial 
relations knows the purpose and technique of memomotion study. Sometimes 
to differentiate between crew members, we ask them to wear different clothes 
or numbered jersey slip-overs. 


Survey the job area a day or so in advance, and check the camera angle, elec- 
trical outlets and the route of a mobile study. Check the lighting to ascertain 
the type film, lens, and filters requred. We do not use supplementary lights. 
Arrange to gather supplementary data such as pace rating films, secondary 
adjustment information, records and reports, plans and layouts, 


Based on one of the three memomotion speeds, the cycle time, and objective 
of the study, determine the time interval to be covered. By conversion de- 
termine the film footage required. Take a roll or two more to the job than 
you need for the job. 


The day before, check the operation of your motor drive and camera equip- 
ment and be sure you have enough film. Check the auxiliary equipment such 
as extension cord and proper plugs, tripod, dolly, and exposure meter. Also 
check lens, filters, title board, chalk or crayon, wrist watch or clock, and 
note paper. A portable wire or tape recorder often facilitates note taking. 
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| ‘Step 1 is Planning For Filming 


Secure an explosion meter when required. 


Record on a Film Study Data Sheet (slide 13) the detail of the filming 
operation. This sheet is keyed into the film. It is very complete and 
includes a work place and camera set-up sketch. This sheet also aids 
in determining why film results may be faulty. . 


Prior to filming at memomotion speed, a few feet is run off at regular 
speed. At this time we usually place a title board in front of the lens 
showing plant, location, department, operation, date, time, and filmed 
by. This same data is lettered on the box to identify the film further. 


Depending on the jobs studied and the objective, the analysis can physi- 
cally be recorded on paper in any one of a number of ways. 


In general, however, the film is usually reviewed at a slow projection 
speed, say 8 frames per second, to redetermine the problems and the 
degree of analysis. Any non-productive movement becomes quite 

evident during this period. You look for work assignments of individuals 
and their interrelationships. Then you determine and define categories 
of work. Another quick look at the film to reaffirm these categories, and 
you are ready for detailed analysis. 


The film is examined frame by frame, recording the time for each category 
The categories are totaled and presented in some graphic manner. 


Sometimes the data is tested statistically to record and indicate its re- 
liability. 


Oftentimes a rating factor is applied, but not always. Mr. Clarence Allen 
has an excellent paper on the objective rating system. We also use this 
system. It is composed of a multi-image film for pace comparison, supple- 
mented by tabulated secondary adjustment for job difficulty. 


The manner of execution of this step also varies, depending on the study ob- 


jective. We try to present a simple, graphic picture that can easily be ex- 
plained as portraying the activity studied. 


Step 2 is Filming and Data Collection 
Step 3 is Analysis | 
| 
Step 4 is Presentation of Results | 


EXAMPLES 


Let's run through two examples. We have literally hundreds of rolls of 
this type of film, and it is difficult to know what to present. We have 
chosen examples showing a multi-man and machine and a man and multi- 
machine, If any of you wish other examples, please write me and I'll 
put you in touch with others who have films showing other applications of 
this technique. 


Jurn on the projector please, so we can see a still picture of the work area 
of (example 1). We are about 150 feet from the machine. We have about a 
200 foot camera angle. We need no lighting between 7:00 A.M. and 11:00 
P.M. We have a multi-man and machine problem here; 9 men and one 
machine. We were asked to determine if the output could be improved. 

The stated purpose of the study was to analyze the rolling operation to de- 
termine the percentage of time spent on each phase of the operation. It was 
felt that the study of the job would lead to improved methods, the exact 
nature of which was not preconceived. 


We had limited Industrial Engineering personnel. If we took a conventional 
motion study and analyzed the work with a stop watch or clock, we would 
take 10 studies and obviously the last study would have no relationship to 


‘the first. It was decided to run a memomotion study over a 16 hour period, 


We determined the camera angles, etc., set the camera up and ran it contin- 
usously for 16 hours, changing film every hour. This gave us 16 rolls of 
memo film plus some pace film. 


The film was then reviewed to determine the degree to which the problem 
should be analyzed. We ran through the film quickly at 8 frames per second. 
Let's see about 100 feet now. (f i lm) 


(That was one hour of activity) 


The preliminary analysis showed that a greater portion of savings could be 
realized by analyzing the relation of the crew in total to the mill, rather than 
the individual relationship of the nine-~man crew to each other and the mill. 


Since I plan to demonstrate the analysis technique on the next example, let 
me just summarize our findings from example l, 


The analysis showed that of the 86% of available rolling time, 35% was waiting 
for material to heat to rolling temperature. It was estimated that the em- 
ployee's efficiency could have been increased by approximately 5 to 10% 
through job standardization. In other words, without having too through the 
tedious task of studying each man and a machine for 16 hours, we were able 
to determine where a 35% increase in production was possible. The manage- 
ment proceeded to correct the waiting period. One of the corrective actions 
was to reduce the size of load and increase the frequency of load returning 

to the preheat furnace. 
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Let me point out the advantages of this type of study. If we were to 
analyze each man, we would only need to run through the film 9 times *-:> 
plus one for the machine. However, our preliminary review indicated 
this would be wasting our time, and we should go after the dollar oe 
savings not pennies. 


The memomotion study took 16 hours. A stop watch study would have 
taken 160 hours. The memomotion analysis took 40 hours, We esti- 


- 


mated. : a conventional study analysis would consume 160 hours. 4 
We have a total of 56 hours vs. 320, This is the equi valent to adding m 
between two and three men, The Industrial Engineering manpower ' 


saving paid for the equipment. 
Another example of reduction in analysis time was the original study for \ 
fork truck standard performance time by John Cross at Purdue under Pro- 
fessor Richardson. The complete analysis took only 100 man hours vs. 

1200 if done conventionally. ; 


Our presentation included a sketch of the work area, a flow diagram, and : 
group activity sheet, The film was also shown to the persons concerned. 


(Example 2) - Another job you might be interested in involved a man and 
multi-machine problem. 


The purpose of the study was to analyze this man's task, determine the per - 
centage of time for various work categories, and determine manpower re+ 


quirements. It was felt that the study would lead to the development of 
methods improvements, 


We chose the memomotion technique because: 


e of a long cycle operation (every two hours) 


@ the job had irregular occurrences at indeterminate 
times in a normal cycle 


@ we wanted a recorded picture history, thus enabling 
method improvement suggestions from everyone con- 


cerned with the activity (hourly, technical, super- 
vision, and management) 


Again a 16 hour study was made with check or pace film taken once an hour. 
The film was reviewed to establish the categories of work and the degree of 
analysis. Twelve categories were established and the film analyzed, | 


| 
| 


Let's look at the job (still picture from projector), The task is performed 
over an area of 140' x 100' on two levels. This necessitated following the 
operator with the carnera mounted on wheels. The major portion of the 

job involves reading, recording devices, performing periodic process checks, 
adjusting equipment to maintain quality and quantity requirements, and main- 
taining good housekeeping and safety. 


Let's run through part of the film Stop here and back it up. That's enough. 


I will now run through a few frames to illustrate how an analysis is made. 
I'll write the values here on the Vu-graph. I'll set the counter at O starting 
with the category of "Read and Record". This is the end of that activity and 
the counter now reads 325. The man now rests. This action stops and now 
the counter reads 600. By successive subtraction, the elemental time data 
can be secured. The data is added up and converted to a percentage of the 
total. In this case we did not rate. 


We presented the results graphically (slide 13) as part of a report. 


Equipment has been relocated, and various additional pieces of equipment 
purchased, resulting in the elimination of unnecessary walking: (about 60 
minutes of walking eliminated). We reduced movements from the higher 
classification of 5th and 4th degrees to those of 3rd, 2nd, and lst degrees 
and eye movements. This resulted in a 28% reduction in the man's scheduled 
time for the task. The investment for improvement was realized in less than 
eight months. 


In our opinion, the simplification of the job through improvemerts resulted 
from many people's efforts. One of the biggest plus values of the film in 
this case, is that everyone concerned would see the operation and make 
suggestions for improvement. The review of the 16 hours of activity took 
2 hours, which included time of film stoppage for discussion purposes, 


Recapping the time for this study: 


Filming 16 hours 
Analysis 30 hours {11 categories plus walking. 
The film was run through 
four times. ) 
Presentation 4 hours {includes graph and personnel 


review) 
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EQUIPMENT 


We have displayed on the stage, the equipment necessary to make a memo- 


motion study. 


They include: 


Camera with lens and filters 


motor drive 
projector 
tripod 

exposure meter 


screen 


splicer and rewinder 


extra cords 


proper outlet plugs 


dolly 


suitable carrying equipment 


title boards 
chalk or crayon 
clock 

note paper 


film 


We have discussed today, a technique whose application is limited only by 
Again, let me say that memomotion study is a 


the personnel using it. 


proven industrial engineering tool for analysis. 
@ata can be effectively and economically recorded and coliected for analysis 


1-15 


Through its use, factual 


| 
| 
| | 
| 
| 


to assist in accomplishing a desired purpose - develop more econom 
methods, define a problem, or develop more effective measurements c. 
performance. 


It has been a pleasure to be able to discuss some of our work with you 
today. 


Thank you. 
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AUFIOMEASUREMENT 


Gordon R. Ewing 
Industrial Engineer 
R. R. Donnelley & Sons Company 
Chicago, Illinois 


Today I would like to discuss. how Industrial Engineers are going to 
improve their techniques to cope with productivity problems in auto- 
mated factories. I am particularly concerned with an area of work 
measurement which we have all recognized as troublesome; namely, the 
application of conventional time study techniques to other than short 
cycle, highly repetitive operetions. There are indications that the 
age of automation, which is already upon us, is going to aggravate our 
problem significantly. 


Fifty-three years ago next month, F. W. Taylor first presented his 
classic paper on the study of a pig iron loading operation. You will 
remember this experiment involved picking up the pigs, carrying them 
fifty feet and loading them into a box car. This was an early applica- 
tion of time study. Taylor chose an operation that had high volume, 

on which methods could be standardized, and on which a performance 
rating could be set. ‘his was an example of what we will call a "short 
cyc’e, repetitive operation". 


But "short cycle, repetitive operations" do not account for all of the 
work that we Industrial Engineers are required to measure. Other 
operations, which generally require a higher level of mental activity, 
can be classified as "long cycle, non-repetitive operations”. For 
example, in the printing industry, the set-up or makeready of a press 
may require from 1 to 30 hours. Here, a skilled craftsman has control 
over the sequence of elements to be performed and perhaps also the 
method of performing these elements. This type of operation is usually 
concerned with a much greater number of variables, many of which are not 
readily predictable. 


You can find examples of both the "short cycle" and "long cycle" types of 
operations in every company. Usually, however, one type or the other 
will predominate in a particular industry. It is in the "short cycle" 
type operations that the originai time study techniaues with subsequent 
refinements have been applied very effectively. The largest proportion 
of the efforts tc apply and develop time study techniques has been 
directed towsrd short cycle operations. Applications of these same 
techniques have »sen made on long cycle highly skilled operations, but 
due to the high degree of complexity of these operations, the results 
heve left mich to be desired. Work measurement application to "long 
cycle" oper *ions is a "weak link" in our present industrial engineering 
programs 


With the age of automation upon us, we find that many of the short 
cycle operations are being absorbed into integrated systems of 
machines. The principles of automation provide that job functions 
which are basically cyclical and which require a low order of reason- 
ing and low order of memory can be performed by automated devices of 
one type or another. Among the “asks which can be so performed are 
the automatic positioning of maserials in and out of machine tools by 
power transfer unite, automated devices with small memory systems which 
will program the cycles of a multi-cycled operation, or instruments 
with the capabilities of feed-back mechanisms such that adjustments 
can be fed back thus eliminating the necessity of manual adjustment. 


All this further indicates that the proportion of short cycle operations 
will tend to decrease as engineering moves toward a concept of pro- 
duction in the automated phase. It should be noted that in "long cycle" 
operations the required skills come in non-repetitive patterns. It is 
impractical in these operations to stand with stopwatch and board in 
hand and record fixed time as we would for repetitive short cycles. 
Automation is bringing job enlargement through technology and it is 

this vision into the future which sets up the warning signal to the 
alert Industrial Engineer. A glance at his current work measurement 
tools shows him that he is with present techniques inadequately prepared 
to cope with these changes in production methodology. 


In simple language, automation will increase the proportion of “long 
cycle"operations in industry. Therefore, our problem is, how shail we 
as Industrial Engineers cope with this increasing proportion of long 
cycle operations when we recognize that it is the weak spot of work 
measurement? 


Before we consider possible answers to our problem, let us review the 
obstacles which have stood in our way: 


(1) The "long cycle" operations include very many variables, some 
of which are not readily predictable. 


(2) If we agree that no standards should be set without adequate 
sampling, we face the situation where both the observetion 
and the computing time would be increased beyond the point of 
reasonable cost return. In many cases, the observation time 
would be multiplied many fold in order to obtain an adequate 
sample in the non-repetitive work cycies of the automated age. 
For example, sixty cycles of a one-minute repetitive operation 
can be etudied in one hour. The data can be analyzed in one 
more hour, and an accurate standard can be prepared in less 
than helf of a day. The set-up on a modern printing press, 
yovever, involves the work cycle of perhaps ten hours of a 
highly skilled crew of four or five people. Here sixty cycles 
would require 600 hours of time study, and careful observation 
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of each of the members of the crew would increase this by a 
factor of four or five. This would bring the time study 
problem up to 2400 or 3000 hours of observation time alone 
merely to get a standard on press set-up that is as accurate 
as the standard on the one-minute work station. 


The computational time would go up at least in geometric 
proportion to the increase in observation time. These factors 
should not only frighten the average time study observer, but 
make it impractical for management to spend the kind of money 
necessary to insure wholly reliable standards. 


You may say that Industrial Engineers have been setting 
standards successfully on these kinds of operations for years. 
Careful analysis of situations of this type will show that in 
nearly every case the work measurement procedures result in 
rather wide tolerances associated with the standard. Doubt 
about the accuracy and a desire to be fair to the worker 
causes the standard to be established on the loose end of the 
tolerance range. Such a standard is almost always better than 
no standard for production management, and for this reason 
these practices have been accepted to date. Standards which 
are consistently on the loose side are not going to be ac~ 
ceptable when more accuracte standards can be developed by the 
application of the principle of automeasurement and statisti- 
cal analysis. 


(3) In order to obtain reliable standards with our present work 
measurement methods, the Industrial Engineer would have tc 
spend his time on these endless data collection and processing 
activities. This fails to properly utilize available talent 
and has an adverse effect on the engineer's morale. Under 
these circumstances we cannot hope to recruit and maintain an 
adequate staff in the face of the present shortage of engineers 
and well trained technicians. 


How can we overcome the obstacles to effective applications of work 
measurement on “long cycle non-repetitive operations"? 


Today the Industrial Engineer is the man on the management staff 
responsible for conducting the studies to optimize the factors of 
production. To do so he has used the tools now in his possession; 
namely, time study including rating, methods of standardization, right 
and left hand charts, and so forth. In the future, faced with a dif- 
ferent set of production factors, he will have the choice of either 
developing new tools to cope with new kinds of production methods or he 
wiil leave the field open to other engineering and scientific groups who 
will develop the techniques to optmize production in the new type of 
manufacturing set-up. Evidence of this is already seen in the work of 
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the Operations Research group and in the work of the Institute of 
Menagement Sciences and others. Bluntly, the Industrial Engineer 
can either let these groups cut the ground out from under him, or 
improve his techniques to meet the challenge. 


Certainly we can't spend our careers and our empioyers' dollars 
with a stopwatch in bend when the returns of such time may be 
non-profitabie. Instead, our solution lies in harnessing the very 
thing which is accelerating the change. Time study itself must be 
automated. 


Manufacturing methods have changed drasticaily since the birth of 

time study. Pig iron loading today can be performed with fork truck 
and palletized loads, or by a conveyorized materials handling system. 
Thus the job on which Taylicr conducted his original studies has been 
outmoded and replaced by new methods. Perhaps endless time study data 
collection and processing activities by manual methods are now becoming 
obsolete. Developments that may be epplied to our field have far sur- 
passed the usage that the Industrial Engineer has putto them. The 
fields of quality control, opinion sampling, and economic forecasting 
point out what we can achieve with these tools. We must make our data 
collecting and processing conform to the statistical sciences. 


At Donnelley'’s we have coined the term automeasurement, and we define 
it as the system and techniques involved in the automatic collection 
and processing of data for purposes of measuring productivity in a 
statistically scientific manner. We believe that a science of auto- 
measurement must te developed to handle the productivity studies 
arising in integrated systems of machines, processes, and crews for 
automated or mechanized production. The principal tools of auto- 
measurement are automatic data collecting devices, computers to process 
the data, and the mathemstical principles of statistics. 


I don't believe that the instrumentations for the measurement need be 
limited to a stopwatch or a gauge to measure time. Our instrumentation 
program for measurement mist include more than just gauges to measure 
volume output and time. We mist include measurements of all production 
variables which significantly affect productivity in order to: (1) decrease 
the amount of unpredictable variation, and (2) improve analyses of opera~ 
tions aimed at pointing out the areas for needed improvement. 


Why will automessurement be a necessity in the future? 


Since the beginning of time, the productivity of people has been 
important. It is the productivity of people basically that determines 
the standards of living. It was the problem of productivity of people 
that Tayior dealt with in his early experiments. It is the productivity 
of machiiies and people that Industrial Engineers today currently deal 
with and will deal with in the future. We wiil find that productivity 
and increased costs will continue to be one of the foremost management 


problems. 


If we agree that time and productivity studies of people will continue 
to be vitally important, we must also agree that the Industrial Engineer 
must accelerate his developments in at least certain work measurement 
areas. We all recognize the importance of accurate time standards for 
purposes of incentives, cost estimating, and production planning and 
control. As stated before, I believe that work measurement techniques 
which were applicable in the past will not necessarily apply in auto- 
mated mass production. Seldom do we consider work measurement in terms 
of the production process. I suggest that the failure to do so has been 
responsible for some of the difficulties we have experienced. 


I would now like to show three slides’ which illustrate the difficulties 
of work measurement techniques in modern mechanized production. These 

pictures were taken from the automation article appearing in the March 

19, 1956 issue of TIME Magazine. 


Here we see an automated Giddings & Lewis skin milling machine used 

to mill intricately contoured air foils for supersonic aircraft and 

guided missiles. All directions and instructions are supplied by the tape 
recording. I would like to direct your attention to the attendant shown 
in the picture. How shall we, the Industrial Engineers, using today's 
accepted short cycle technique of performance rating, rate this man's 
attention activity? Will right and left hand charts showing every reach 
and every grasp have an economic place in this picture? Do we propose 

to use laboriously prepared simo-motion charts of this man's non-cyclical 
random activity which is controlled almost entirely by external, seemingly 
unpredictable factors? What stopwatch techniques might we use in order to 
measure this man's analysis time, which in case of trouble will be his 
primary function? 


The next picture shows a Flight Simulator built by Bendix Aviation for 

U. S. Navy testing of electronic missile guidance systems. We see a crew 
of technicians at work vith the equipment. Complicated operations of this 
type seem to defy the time-tested techniques of measuring short-cycle highly 
repetitive operations. 


Here we see a Jones & Lamson turret lathe. This lathe is controlled by 
instructions on punched tape. Even the attendant is missing from this 

picture. Where does the short cycle industrial engineering specialist 

fit into this picture? (end of slides ae ° 


These are only a few of the many examples that are with us today. Doesn't 
it appear that we must either modi*v our concepts to meet the changing 


conditions, or be prepared to join the thinning ranks of blacksmiths and 
harness makers? 


I submit once again that present work measurement techniques are sometimes 
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both inadequate and costly. Mechanization and instrumentation becomes 
a necessity if the engineering profession is to keep up with the 
mechanization of production facilities. Automeasurement allows a higher 
order of data processing as well as data collecting, and this higher 
order will be necessary for analyses of new operations which are not 
short cycle and highly repetitive. 


Autoreasurement will also be of great value in the managerial field. 
A manager must be able to measure his performance in all key areas of 
a business. These measuremerits must be clear and rational, and must 
direct attention and efforts where they will do the most good. And 
these measurements must be timeiy. 


Automeasurement will aiso serve an expended concept of production 
control and process optimization. With much of our work controlled 

by equipment, our time study men could determine optimum speeds of 
machines tc maintain the highest net productivity. Stopwatch time 

study is not very «effective here. A tachometer, an ability to determine 
real reasons for delays, and knowledge of limiting factors which control 
machine speeds are more valuable. 


Let’s consider some of the fundamental methods, techniques and ap~ 
plications of our new concept of automeasurement. 


First of all, I believe that all desired data should, wherever possible, 
be collected by automatic recorders. Examples of this are instruments 
which read and record running speeds, elapsed time, delays, production 
counts, material performances and other operating characteristics of 

the procees, such as temperature, pressure, rate of flow, weight, current 
flow, and the like. 


Another need will be the conversion of time stud data to a form in which 
the methods of machine computation may be applied. Whenever attempts have 
been made to consider putting data on modern computational equipment a 
basic problem has always arisen. This problem deals with the cost of set= 
ting up the basic data in a form suitable for machine computation. 


It is appropriate at this time te describe a machine that has been developed 
for us by International Business Machines Corp. When we originally cone 
ceived the specifications and requirements for the machine we dubbed it 
"WETARFAC", which simply means Work Element Timer and Recorder for Automatic 
Computing. 


I would now like to show several slides in crder to describe this first 
building block in our automeasurement laboratory. 


Here iv a picture of the machine that IBM built. Now, what does this. 
machine ic. As previously stated, we believe that data collection must be 
mechanized. We seliev« that data processing must be done on mechanical 
computing equipment, andi that the Industrial Engineer has to have a jod 
structure that will permit him to exercise sic. ssiomal judgment a higher 
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percentage: of the time. And to do this, he has to be relieved of the 
tedious routine of data collection and processing. 


The Industrial Engineer is always faced with measuring the factor of 
time. It became evident that we needed a machine to measure time, the 
results from which could be piped into computing equipment now available 
such as the data processing equipment manufactured by IBM, available in 
ouxr accounting division. WETARFAC is a machine capable of making time 
studies and producing its results in the form of five-channel paper 
punched tape which then can be fed into an IBM tape-to-card converter 
and reproduced in the form of a deck of IBM cards. 


(5) This picture shows a piece of the five-channel tape. 
[o7 In this shot you see the tape coming out of the production recorder. 


Here is a picture of the tape-to-card converter in the process of 
transferring data from a tape to cards. 


(8))tore is an IBM card that has been punched in accordance with the 
data on a tape. A deck of these cards can then be processed for data 
calculation in any manner that the engineer elects to program the data. 


The next question you will likely ask is, how do we make a time study? 
At the present time the: time study engineer feeds in his element codes, 
delay codes, rating factors, and frequency through a mamal keyboard. 


(9) Here is what the keyboard itself loaks like. 


G0) This is a picture of the engineer actually making a time study on the 
production floor using this equipment. We think that the WETARFAC is an 
exceedingly important device and are pleased that IBM has worked with us 
in this initial contribution to automeasurement. Their engineers and 
their applied science staffs have devoted many hours of their time to 
our problems. I think you will agree that it is important to be able 


to measure time in such a way that the data can be processed automatically. 


This is one element of mechanization that is fundamental to the auto- 
measurement concept. I believe you would also agree, however, that the 
requirements for the application of a device of this type will vary 
depending upon the production operation that we are trying to measure. 
For example, as. Industrial Engineers we might look at a time study man 
doing the key punching of data on a certain operation and ask ourselves, 
can we automate the inpvt of data into the WETARFAC and thus eliminate 
the: job of time study technician? 


We are: working with developments to fit our own particular needs to cause 
feed-back from the machines themselves to enter the signals into the 
WETARFAC . 


Toward this end we have designed and are builcing a time-—counting 


device. This instrument will automatically accumu.atse and store multi-time 
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machine elements and element frequencies for future processing. With 


minor engineering changes this equipment can be used to automate WETARFAC, 
thus eliminating the technician. 


However, each application of automeasurement differs. You must have the 
ekili and ability within your own engineering staffs to know how best to 
use such a machine. It is not a pink pill, which if swallowed, will bring 
relief to your work measurement headaches on the following morning. You 
are not going to buy any machine that will build an automeasurement pro- 
gram into your own plant over night. It just isn’t that easy. 


At Donnelley's we have made other important applications of automeasurement. 
An example of these is the control panel shown here which automatically 
records the small increments of no-work time at 24 stations along 4 con- 
veyor. Time will not permit us to discuss other applications in detail to- 
day, Besides, most of these are only applicable to onr own specific in- 
dustry 


The results of our efforts to automate work measurement have been very 
encouraging. We are now in the process of establishing 4 well-equipped 
automeasurement laboratory to provide the necessary equipment for our 
continual growth in the field. 


We hope eventually to equip this laboratory with measuring devices thet 
wWiil neéasure all of th= important factors of mechanized production which 
are necessary for an ivtelligent optimization study. We would like each 
of these measuring devices to eventually have certain common charac~ 
teristics 


A. The collection of data should be automatic. 


5B. The read-out of the data should be in a form suitable fer entry 
inte 4 computer. 


°c. The various “automeasurement building blocks” should be capable 
of integration with each other in any combination necessary to 
sOlve any specific automeasurement problems. 


D. The accuracy of the measurements should be within tolerances 
acceptabie to the needs of each study. 


E. The building © o-¥s must be capsble of simple interlock into 


preduction foe purposes of automatic recording. 
Here are & few aitom-serement building bliocks we foresee as being 
necessarye You will add to this list yourselves as you analyze the 
needs fo. on- better measurements necessary to optimize production and 
quality in nroduction situations. 
A. Won incremects - We reed to he able to measure increments of 
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time related to certain characteristics of the work process. 
This we can now do with WETARFAC. The data is ready for the 
computer. The input to WETARFAC, however, is still manual. 


B. Weight 

Cc. Count 

BD. Temperature 

E. Current flow 

F. Pressure 

Color important in our industry). 


Another characteristic of automeasurement is thet i+ wiii call for 
broader applications of statistics. Mathematical statistics has been 
proven to be an effective and powerful +ool for the handiing of numerical 
data. Yet as Industriel Engineers we have failed to make extensive use 
of the elements of this science. We have not completely ignored statis~- 
tics. It has been one of our tools and has been so recognized, but have 
we applied it scientificaily? Certainly not to the degres “+ demands nor 
to the degree it is going to demand in the future. 


A definite problem facing the profession is the education and training of 
industrial Engineers to operate effectively in this new atmosphere. This 
will require changes in university curriculs where the emphasis is on 
traditional techniques. Industry wili have the mutual responsibility for 
training and orienting their engineers, new as well as established, for the 
needs of the changing productive patterns. 


I would now itke to discuss some of the ultimate goals of an automeasurement 
program. We have already tried to dewonstrate the immediate aim of keeping 
time standard techniques in step with progress toward automation. We ail 
recognize that industry needs accurate measures of its work pace, but i 
believe many additional by-products of automeasvrement will result. 


One of our goals is the proper utilization of engineering talent. This 
was mentioned before as an obstacie in ove path. The engineer snouid 
bring to bear his skills and ability in analy-is, judgment and interpreta- 
tion, rather than spend his time in endless data collection and data 
processing activities. ™ will mean « greater utilization of talent 
on hand, and will leed to areater job satisfaction for the engineers in the 
profession. 


Another ty-product of automaasurement might be the consolidation of in- 
formetio ening all the activities of the company. A management 


engineering analysis group can reduwe ‘nformation in all areas of tne 
business to chart form, aud present it to manegement for day to day 
decision making. 


t 
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To summarize, let's review what we have said here. ‘We have noted that up 
to now most of our emphasis has been placed on short cycle, repetitive 
operations. This resulted from our production oriented desire for job 


simplification as a means toward’ increasing productivity: and reducing 
costs. 


However, mechanization and automation has entered the picture. Its 
introduction is tending to force job enlargement due to its very nature. 
The short cycle, repetitive operation is the one most susceptible to be- 
coming automated, which means that less and less people will be engaged in 
jobs of this type. The Industrial Engineer should recognize the importance 
of these changes since some of the areas which have been served by our 
techniques of the past will no longer need many of the services in aiaae 
measurement that we offer today. 


In order to meet this challenge, we too must automate. We must apply to 
our own Industrial Engineering methods the electronic controls, the 
mechanization and the feed-back principles that we are so energetically 
recommending for production processes. 


Our data gathering and processing methods must be streamlined. We cannot 
apply the techniques that were unswayingly applied to the short, fixed, 
repetitive operation. We must turn our sights toward the science af 
statistics. Our data must become amenable to the automatic computer. 

Our non-professional tasks must be performed by machine; automatic com- 
puters must displace the slide rule and desk calcvlator. The chore=-boy 
duties of the Industrial Engineer must be given to the electronic 
chore-boys of the future. This is not merely a nice idea -- this is 
essential for the survival of the profession. 


No one is to transform all this for you. The success of tomorrow de- 
pends on your acceptance of this responsibility today. You must recog- 
nize the importance of automeasurement to industrial. management and should 
sell management on the contribution that such measuring techniques can 
make to industry's basic objectives: cost reduction and increased pro- 
ductivity. The necessary research and development work will require ac- 
tive support of and participation by industry. You, as Industrial En- 


gineers, must feel the responsibility for seeing that these needs are 
satisfied. 


* 


Circled numbers in margin indicate references to slides used 
to illustrate talk. 
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SOME APPLICATIONS OF PROBABILITY THEORY 
TO MANUFACTURING PROBLEMS 


Robert B. Fetter 
School of Industrial Management 
Massachusetts Institute of Technology 


The objective of this paper is to demonstrate the usefulness of 
probability theory in the solution of some problems encountered 

in manufacturing management. It is not intended to teach prob- 
ability theory nor to provide rigorous demonstrations of the 
validity of the theory which is utilized. These latter objects 
could not be acComplished in the time alloted to this presentation. 
It is hoped, however, that the applications given here will provide 
a “feel” for the basic concepts involved and spur those to whom 

ihe ideas are appealing to further work in this area, 


Uncertainty in Manufacturing 


Probability theory has much to offer in the solution of management 
problems in manufacturing because uncertainty plays a large part 
in many decisions. For example, when a lot of some product is 

to be scheduled through several machining centers, it is common 
practice to do this using some pre-determined time which is in 
some way an estimate of the average time required. However, 

that an operation will take exactly the pre-determined time is 
the last thing one expects to happen. It is expected that it 
will take some time near this average, but standard practice does 
not provide for a statement of the amount of variation which is 
expected. Ii a schedule is determined based on this time, in a 
large proportion of the cycles the allowed time will be exceeded 
with subsequent repercussions on succeeding operations. Rules-~ 
oi-thumb may be determined by experience to guide one as to how 
much time to allow in order to minimize delays, but an analytical 
treatment of the economic problem requires probability theory. 


In scheduling production, formal recognition of the variation in 
worker attendance, accidents, breakdown of equipment, and quality 
of output, for example, just does not form a part of today's 
practices. However, these factors are important in determining 
the cost of production, and it is possible to consider them 
quantitatively in arriving at scheduling decisions, 


In any situation where uncertainty plays a major role as a 
determinant in the economic problem facing a manager, probability 
theory and expected value can play an important part. 


\ 
i 
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This paper will consider two general classes of economic problems 
in manufacturing which may be attacked using probability theory. 
The first of these classes includes problems where costs and/or 
savings are functions of a single probability distribution. The 
problem, for example, encountered in determining the number of 
items to stock or manufacture in the face of random demand for 
these items, of random variation in delivery times, or of random 
variation in reject rates. The second class of problems to be 
considered are those which involve supplying some kind of service 
in the face of random demand for this service over time. Here 
both the demand for the service and the rate at which service 

can be given may be random variables, and the economic problem 

is one of balancing the cost of additional service against the 
loss which arises from failure to provide this additional 
service. Such problems occur in manufacturing in connection 
with maintenance, the operation of automatic machinery, and 
materials handling, for example. 


Probability and Expected Value 


For purposes of the applications treated here, probability is 
defined as the relative frequency of an event. Given a finite 
event space within which are enumerated all the ways in which 

an event can occur, the probability of some desired event is 

the ratio of the number of ways this “successful" event can 
occur to the number of ways in which any event can occur, i.e., 
the total number in the given event space. All events in the 
event space are assumed to be equally likely. This probability 
of an event or set of events is, in most industrial applications, 
based on accumulated past experience modified by any specific 
knowledge available about the way in which the event is expected 
to occur in the future. 


The expected value of some event is a weighted average of the 
ways in which the event can occur times the value of each 
occurrence. The weights are the probabilities of each event 
occurring. If a die is thrown, we expect (based on the geometry 
of the die) that the probability of a five coming up is 1/6. 

If one plays a game where the payoff is $1 for a three or five 
and $0 for any other number, the expected value of the game is 


= l 1 1 1 l 1 


= $.333 


That is, expected value is the sum over all events of the product 
of the probability of occurrence of the event and its value if it 
does occur. Stated more formally: 
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where p,; is the probability of the ith event, Vj is its value 
if it occurs, and 


* 2. 
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In the kind of problems which are discussed here, the objective 
sought will be the maximization or minimization of some expected 
value.l 


The Inventory Problem 


A classic example of the first type of problem to be considered 
is the case where a business firm must stock goods for a period 
during which the demand for these goods may be described hy sone 
probability density function as shown in Figure 1 [5]. 


(x) 


x. x 
Salles (x) 


Figure 1 


Here x represents the number of items which will be sold in the 
period, and £(x)dx the probability of finding x in the interval 


x to x # dx. The expected number to be sold is vise we 
Xm 
x = xi (x)dx where X, is the maximum number which can be 
sold in the period. Let 
Xx. = actual number sold. 


1 
2 


This assumes a linear or constant preference for dollars. 


A continuous distribution is used here as an approximation to 
the correct discrete distribution to allow for the use: oi 
integral equations. As long as x, is large, no appredable 
error is involved. 
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x; = number of items stocked 
P = profit per item sold in the period 
L = loss if not sold in the period 
Then tor x,<xj, the profit would be 
P(xs) - - 
For x,>x,, the profit would be 
P(x; ). 
The expected profit is, 
i i 


n . 


Ex(profit) = 


Maximizing (1) with respect to x; 


Xm 
G(Ex) = Px, {(xj) - + Pf xi )i(x,) = 0 


ax; 
X 
- (P+ L) 


Thus, the condition for a maximum is 


= P (2) 
ro? 


The differentiation of an ——— containing a parameter in the 


limit may be accomplished according to 
b(x)) 
| 10x; 1x)dx 
a(x, ) 
dF(x;) £(b,x,) = - £(a,x;) 
ax; (x;) i 
a(x, ), 


sce | ildebrand, Advanced Calculus for Engineers. (New York: 
Prertice-Hall, 1945) p. 352. 
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Stated verbally, this says that one should order xj units such 
that the probability of selling the ith unit or fewer is equal to 


the ratio of the profit per unit sold to the sum of this profit and 


the loss per unit not sold. 

Happily, it is rarely necessary to go through the above kind of 

analysis in solving problems of this type. A marginal approach 

can provide one with equation (2) quite readily. Replot Figure 1 

as a cumulative probability distribution as shown in Figure 2. 
1.00 


F(x; ) 


F(x) 


t 


0 


Figure 2 


Here F(x) represents the probability oi selling fewer than x 
units in the period. Then 1 - F(xj) is the probability of 


selling x; or more and F(xj) the probability of selling fewer 


than x;. We will certainly keep adding units to our order (x;) 


as long as the expected profit is greater than the expected loss, 
that is, until 


p = (3) 


This equation of condition gives 


F(x; ) = P (4) 
P+ L 


which is identical with (2). Again, stated verbally, (4) says 
that one should increase the order size to the point where the 
ratio of the profit if sold to the profit plus loss if not sold 


is just equal to the probability of selling the order size or fewer 
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In solving such a problem then, the cumulative probability 
distribution'of sales based on past experience would be drawn 
as in Figure 2, P and L evaluated, and the optimum order size 
established by (4). While it is certainly true that the 
expectation determined by (4) either will or will not turn out 
to be true in any one period in which this policy is adopted, 
even if a decision is being made for a situation which will not 
be repeated, the prediction given is better than any other that 
could be made. This assumes that the sales experience given by 
the probability distribution will he repeated, assumes that the 
costs and losses associated with the decision are known, and 
assumes the maximization of expectation is an appropriate 
objective, 


If goods are to be purchased tor use in manufacturing at some 
steady rate, but delivery time is uncertain, a similar analysis 
may be applied. Here, the time for delivery is a random variable, 
and the problem is to set the reorder point at such a level as 
to balance the cost of running out against the cost of adding 
to the reserve stock. Assume delivery time may be given by the 
probability distribution of Figure 3. This indicates that the 
probability of delivery between to and t,j, is zero and this 
probability rises to one at tray. Assume further that each 
day on which the firm is out of stock costs R dollars and each 
day*s stock added to the inventory (by ordering earlier) costs 
C dollars for the period. 


1.00 


P (delivery by t) 


P(t,) 


t. 
0 min 1 max 
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t 
0 ‘ 
t(days) 
Figure 3 
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Then the problem is to increase the reorder period so as to 
just balance these costs. In this case 


= [i - rey] 
P(t;) R-C (5) 


R 


Thus the cost of an additional day's supply is just balanced 
by the expected cost of running out when the probability of 
delivery is equal to the ratio of the cost of running out less 
the cost of an additional day's supply to the cost of running 
out. 


An additional problem oi interest in manufacturing is that of 
determining the number of units to start through some process 
when some given number of good units is necessary and there is 
a probability distribution associated with the fraction of 
defective items from the process [l}. If experience is tab- 
ulated in the form of the frequency with which a given ratio 

of pieces started to good pieces results (in order that the 
effect of different size of orders be canceled out), a distri- 
bution such as that shown in Figure 4 would be obtained. Then 
the ratio of pieces started to good pieces is a variable x which 
must be equal to or greater than one. Assume that the variable 
cost of each piece started is V and the 


1.00 


P(Cless than x) 


P(x. ) 
i 
1 x. 
i 
—— » xX = Pieces Started 
Good Pieces 
Figure 4 
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additional set up cost which will be incurred if not enough 
good pieces result is S. Then the expected cost of adding the 
ith piece to the manufacturing order is P(xj)V (V will only he 
an added cost of the order ii the piece is not needed). The 
additional set up cost will be incurred if the start/good ratio 
at the ith piece is not large enough, The probability that the 
(i+1)th piece will be necessary is [P(xj,4 1) - P(xj)] . Thus 


and 
D yes (6) 


In each particular case, the start/good ratio would be converted 
into units appropriate to the number of good pieces desired and 
pieces added to the starting order until the ratio of P(x;,,)/P(x;) 


was equal to the ratio of the sum of the variable cost per piece 
plus the set up cost lo the set up cost. . 


The probleas treaied thus far have all dealt with a single 
probability distribution and are of essentially the same economic 
character, although they differ in detail. Now we turn to a 
second class of problems which deal with uncertainty where prob- 
ability theory may make an important contribution -- servicing 
problems. 


* The Servicing Problem 


The economic problem associated with servicing situations may 
often be given as one of minimizing the sum per unit served ©f-the cost 
oi lost output and the cost of providing service as the level of 
service is varied.» As more service is provided, less output is 
lost due to the ability of the servicing facilities to render 
servi¢e sooner on the average aiter it is required. However, 
this addition of service, which costs something, decreases in 
its ability to produce savings in terms of increasing output 
until at some p@int the sum of the costs is a minimum. One's 
ability to determine this optimum point is a function of the 
ability to predict that part of the total lost time which is 
avoidable and determining the cost of this time to the firm. 


The Waiting Time 


Waiting time is occasioned by a demand for service when such 
service is not available due to the fact that all available 
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servicing facilities are busy. The prediction of its amount 
depends then on the probability of a call for service and the 
probability that the servicing facility(ies) are busy with 

prior calls. The first oi these probabilities is predictable 

in a general sense, while the second is conditioned on the fact 
of a call or calls having arrived and the servicing requirements 
imposed by the call. 


The Probability of a Call for Service 


The probability of a call for service from a unit in the 
population in question may be worked _out by postulating an 
event space as shown in Figure 5, [2] [3]: fe). 


Figure 5 


In Figure 5, A is the probability that a call for service occurs 
between O and T, B is the probability of a call for service after 
t # dt, and C is the probability (small) of a call for service 
during dt. Then we define the following functions: 


p(t) = Cc 
At BtC 


probability oi a call for s*rvice during dt. 


P(t) A 


probability of a call for service between O and t. 


BtC 


probability of a call for service during dt, 
given that the call did not occur between O 
and t (I =40) 


u 
t 
a(i) = I 
= 
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Since the sum of A, B, and C must be unity 


* A 
and 
* C 
* A 
- p(t) 
= (7) 
Since 
p(t) = d (8) 
then d_ [PCt) 
dt 
and integrating 
acuat = -In fi - ced] (10) 


The probability given by fi - pct) is the probability that the 
unit in question will not require service until at least t. This, 
then, is the probability that the unit will run a time equal to 
tor longer. Calling this P)(t) 


t 
~\ 2Ct)dt 
Pol td) = e (11) 


If the unit or set of units is given service each time it calls, 
the system will reach a state of statistical equilibrium and the 
calling rate Z(t) will be a constant Q . 


Then 


Po(t) = e (12) 
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Thus, the probability of a unit or set of units running at least 7 
t before giving a call for service is exponential and the mean s 
running time between calls is 1/A. 
The probability of no call for service occurring during dt is n 
é 
and h 
ot) e~ Adt 
Expanding, 
1- = pat - 1/2m dt? +... 
Neglecting higher order terms, : 
p(t) = Adt (13) : 
Then the probability of no call for service between O and t I 
and a call during dt is ; 
Po(t) [pct] = At Carat) 
and thus 
Z(t) = Aem Atat (14) 
w 
which is the density function which describes the condition of e: 
interest, the fact of a call for service in exactly Ut. 
The cumulative probability distribution of equation (12), for WI 
example, may be used to determine the expected time to failure i 
of a piece of equipment made up of several components whose S. 
individual reliability is known. A unit whose coniponents Ci 
include 10 relays each oi which has an average time to failure li 
of 2000 hours would have a reliability described by te 
Po(t) At u 
We 
- t 
TI 
assuming that no other components contributed to its breakdown, Ir 
Thus, the probability of the unit surviving for 200 hours is Lr 
0.37 and for 2000 hours is 0.00005. If the unit were made up Ss) 
of different kinds of components with different reliabilities, then Wé 
Po(t) = mi Ai (15) 
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The above kind oi probability analysis assumes that calls for 
service are primarily due to chance anc not to wearout. for 
many kinds of equipment wearout does not become an effective 
cause of failure until late in life, and much equipment is 
maintained so as to minimize wearout as a cause of failure. 
"Service calls" other than failure type most often are due to 
sone system of chance causes operating over time. Since with 
any reasonable preventive maintenance and in the presence oi 
human operators, chance causes are by iar predominant as a 
cause of service calls, the distributions derived are the most 
useful general type in servicing situations [2]. 


The Distribution of Service Times 


In order to determine waiting time, it is also necessary to 

know something about one’s expectation as to the duration of 
service times, since waiting time occurs when a unit has called 
for service, and the service time interval for units which gave 
prior calls is such that no servicing facility is available. 

If the same. assumptions could be made about the cistribution of 
service times as was made about calls, that is, that at any 

time the probability of a service interval ending (call arriving) 
was not dependent on how long the service interval (ranning 
interval) had lasied until that time, then 


few tat (16) 


where P,(t) is the probability of a service inierval lasting 
exactly Ut, and 5 is the average service interval. 


While the assumption that service intervals are disiributee 
individually and collectively at random does not seen plausible 
since the amount of time until a service interval encs is 
certainly in some way dependent on how long it has already 
lasted, yet in many siluations an exponential distribution seems 
to describe the data quite well. If this distribution holds, 
then the problem of determining waiting time is not nearly so 
difficult as for any other case including that of a constant 
service time. In any case, a knowledge of the shape of the 


service time distribution is essential to the determination of 
waiting Lime. 


The Transition Probabilities 


In order to compute waiting times, it is necessary to describe 
in terms of the given probability distributions of the servicing 
System, the states in which the system may find itself and the 
ways in which it may go from one stale to another. For example, 
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in the case oi a group of units serviced by a single facility, 


the system may be characterized byA and / where these are the 
same for all units. The system may be in state Eg when all 


units are working and Ev when units are down for service. 
The system may go from EY=—>E y+ 1 when a unit among those 
working (n -y) calls for service. It can go from E2)—» Ea/-1 
when a unit in service goes back into operation. The prob- 
abilities of these transitions are given by the distributions 

of which A and # are parameters and the system can he 
described by a set of differential equations which can be 

solved tor the expected value of the waiting time. 


Even in this simplest case, the computations involved are quite 
lengthy if the number of machines is at all large, and especially 
so if the economic problem involves trying several alternative 
servicing policies. If the distribution of service times is 
other than exponential, the computational difficulties are even 
more pronounced. Therefore, in most cases, practical results 
from the use of this probability concept depend on tables and 
graphs which give general solutions to the problem. Fortunately, 
some of these are available and more are in the process of 
computation. 


The range of servicing situations which must be covered 
computationally is, fortunately, not too large. Calls for 
service may originate from a small population such that the 
arrival of a call changes appreciably the size of the calling 
population, Here, the transition probabilities as described 
above must be given and the system solved for all state prob- 
abilities. If the calling population is quite large, an 

average calling rate can be used to describe the situation 
regardless of the number of units being serviced or waiting. 

The situation then can be solved for its equilibrium conditions. 


In both the above cases single or multiple servicing may be 
contemplated, and the servicing rate may be constant or at 
random. In addition to specifying all the above aspects of 

each situation, the priority system in eifect must be known, 

Most general mathematical formulations are based on a “first- 
come, first-served" rule, but sone other kinds of priority systems 
have been treated [7]. 


In order to illustrate the economic usefulness of this servicing 
concept, some problems will be worked out. 


A_Toolsetter Assignment Problem 


The first case to be considered involved automatic machinery where 
no operators are required for the machines, but the tool sei-ups 
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require adjustment or repair at random intervals. For this 


purpose a toolsetter is assigned to a number of machines and 
the problem of economic assignment arises. Assuming that the 
firm's objective is to minimize the cost of a given level of 
output, it would be possible to have various combinations of 
toolsetters and machines to produce this output. All costs of 
attaining this output may be assumed constant except the cost 
of idle machine time (which is avoidable) and the cost of the 
toolsetters. As the assignment is increased, the amount of 
idle machine time per machine increases and more machines must 
be available to give the desired output. At the same time the 
toolsetter cost per machine goes down. The optimum assignment 
point and the output per machine at this assignment may be 
determined by solving for waiting time and machine running 
time for each possible assignment anc adding up the costs 
incurred. 


During a period of one year 418 toolsetter calls were experienced 
from 20 machines. Since 36,000 running hours were involved, 

the average running interval between calls was 38000/418 = 90.9 
hours. From thisA = 1/90 9 = 0.011 calls for service per 
running hour per machine. Calls, then, were assumed to occur 
according to equation (14). 


The distribution of service times for these 418 calls is shown 
in Figure 6. The mean length of service time was 180 minutes 
giving a servicing rate,M#, of 60/180 = 0.333 per hour per 
toolsetter. The distribution is not a pure exponential and 

its coefficient of variation is computed as 0.805. Tables of 
waiting time and machine time for both exponential and constant 
service times are available, [4], [6], and values for other 
service time distributions can be obtained by interpolating 
according to the square of the coeificient of variation of the 
distribution, Waiting and machine times used here were obtained 
in the latter manner. 


The cost of a machine was determined as $1500/year where this is 
the annual average of capital and operating expenses. Since this 
is the cost which would be incurred if more machines were required 
because of lower utilization for an increased assignment, the 

cost of waiting time per hour for a 2000 hour year is $0.75. 
Toolsetters*® wages including fringe benefits average $3.00/hr. 

On this basis the variable cost of output per machine of any 

yiven assignment may be determined from 


Variable Cost = “Cw t C,/n (17) 
m 
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THE DISTRIBUTION OF 418 CALLS 
FOR SERVICE 


P(x) is the probability that 
a call will last x minutes or 


longer. 
1.00 


Actual distribution ( mean 180 ) 


Exponential distribution ( mean 180 ) 


100 200 300 - oo 500 600 
x ( minutes ) 


Figure 6 
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Where 
W - average waiting time per machine 
m = average machine utilization 
Cy, =- cost of machine waiting time 
C, = toolsetter's wages 
n = number of machines assigned 


Division oi the cost by the average machine utilization may 

not appear obvious but must be done to account for the fact that 
different assignments give different levels of output per machine 
and it is the cost of output which is to be minimized. 


The solution of (17) for various assignments is shown in Table 1 
and gives a minimum variable cost at n = 24, In the given 
situation, the output of 200 machines running continuously was 
required to give the necessary production, and an assignment 
policy of 20 machines per toolsetter was;:in force. To get 200 
full time machines with this assignment 200/.934 or 214 must be 
operated calling for 11 toolsetters. With an assignment of 24 
machines, 200/.918 = 218 machines must he operated calling for 

G° toolsetters. The total variable cost of the present policy 

is therefore 214 (1500) #11(€3) (2000) = $387,000 per year. The 
cost of the new policy if instituted would be 213 (1500) + 

$(3) (2000) = $381,000 per year. The difference of $6000 per 
year is due to the better balance achieved between niachines and 
toolsetters. Clearly such a result could have been achieved 

by experimenting with various assigniients, but only at a cost 
very likely in excess of the given savings. The solution of the 
problem using this method is the matter of an hour's work given 
the service requirements and cost information. 


n m + C. /n 
m 
20 .034 
23 .046 921 
24 .051 918 
25 .058 912 
30 .097 .O75 
Table 
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Group Servicing 


In some situations, a group of servicing facilities may jointl 
serve the same calling population. One such situation arises in 
the production of canvas footwear in connection with sewing 
machines. In one firm, five mechanics are currently assigned to 
service a group of 100 sewing machines. ‘“Yhenever a machine 
breaks down or requires adjustment, the operator signals a clerk 
who assigns a maintenance man. Operators are paid on a piece 
rate and when their machine is being serviced or waiting, they 
revert to an hourly rate. The management desires to eliminate 
waiting time, insoiar as possible, and the current assignment 
does this. The question arises here as to the price being paic 
to accomplish this objective. 


Over a period of eleven days, the average number of calls per 

day was 27 and the average service time 36 winutes. The co- 
efficient of variation of the service time distribution was founc 
to be unity and thus an exponential distribution was assumed. 
Under these conditions,A was approximately 27/8x100 = 0.033 
and“, 60/36 = 1.67. The servicing constant, (= 0.02. Calcu- 
lation of the expected values of waiting time, machine utilization, 
and operalor utilization, resulted in the values given in Table 2. 
Two mechanics could just handle the load ii calls occurred at 
perfectly regular intervals and if service times were constant. 
With just two mechanics, any variation in either calling interval 
or servicing time gives rise to some waiting time which can never 
be made up. And thereitore, the situation will stabilize at some 
lower number of machines. With the present assignment of five 
mechanics, each machine can be expected to wait for a mechanic 
three-hundredths of one per-cent of each hour. The addition of 
the fifth mechanic at a cost of $2.24 per hour resulted in a 
decrease in waiting time of approximately one-tenth of one per- 
cent per hour and an increase in machine time of very close to 
this amount. In order for this addition to have been economic, 
the company must have evaluated waiting time at in excess of $22 
per hour. Looked at another way, the increase in machine utiliz- 
ation was 0.001 per machine per hour or 10% of one machine per 
hour for the group of machines. The cost of this was the 
wechanic’s wages. Since by no stretch of the accounting system 
could either cost be justified, the addition of the fourth 
mechanic was exanined. 


Nunber of Waiting Time Machine Mechanic 
Mechanics Per Machine Utilization Utilization 
3 9.0070 0.973 0.659 
4 0.0014 0.979 0.490 
5 9.0003 0.980 0.393 

Table 2 
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Here, the saving in waiting time is 0.56 per cent of an hour 
giving a value to waiting time of approximately $4 per hour. 

The increase in machine utilization is 0.006 per machine per 

hour or about 60% of one machine added to the production capacity 
of the group of machines. At $2.24, this last was just considered 
a reasonable price when coupled with the fact that workers would 
almost never have to wait for service, a psychological advantage 
oi some importance. 


Conclusion 


The above examples have demonstrated some uses of probability 
theory in the solution of management problems. It must be 
recognized that the situations treated are of the simplest kind 
and their treatment perfectly straightforward. Most situations 
are more complex than these and their treatment may involve both 
elaboration of method and simplification of structure in order 
to be treated tormally. 


In a large number of cases involving several probability distri- 
butions and alternative policies, simulation of experience hy 
Monte Carlo provides the best answer. However, it is essential 
that the analyst be able to frame a problem involving uncertainty 
in a formal manner even though he must resort to approximate 
solutions. Only in this way is one enabled to understand and 
evaluate the technical and economic structure of the model which 
is to be solved. 
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ORGANIZING FOR INDUSTRIAL ENGINEERING 


Frederick M. Gilbreth 
McKinsey & Coupany 
Management Consultants 
New York, N. Y. 


In preparing this paper I am interpreting that organizing 
ior industrial engineering includes iunctions, departnental 
organizalion, staffing, and administration, 


Organizing for industrial engineering is no difierent from 
organizing for any company function: the same accepied 
principles oi organization must be applied. Since we today 
are nol concerned with the theory of organization as such, 
any of you who want to catch up on that subject should refer 
to one of the many excellent texts on the subject. 


In simple outline, the organization of an Industrial Engineering 
Department demands three steps: 


1. The authority, responsibility, and accountability of 
the department must be clearly defined. 


2. The department must be integrated in the company plan 
of organization. 


3. Every provision must be made so that the department can 
effectively periorm its assigned tasks. 


In administering the department, the Chief Industrial Engineer 
should, of course, strive to have a well-knit, smoothly functioning 
unit. His operating plan must also enable him to provide all 

the services expected of his group. 


With this introduction to the general problem, let us now examine 
the subject closely. To that end this paper is divided into the 
following main sections: 

1. The role of industrial engineering in business today. 


2. Working relationships with other departments and 
divisions. 


3. Place of Industrial Engineering Department in company 
organization structure. 


4. Internal organization of Industrial Engineering 
Department. 
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5. Industrial engineering ‘personnel. 
¢. Departmental administration. 
7. Getting action on recommenced programs. 


I. THE ROLE OF INDUSTRIAL ENGINEERING IN BUSINESS TODAY 


Before approaching the task oi organizing an Industrial 
Engineering Department, one must have a clear idea of the 
nature of industrial engineering in business .tocay. In 
almost all companies the Industrial Engineering Department is 
a service department to the operating departments of the 
Production Division. (Throughout this paper, sales, finance, 
engineering, and production are referred to as "division"; 
these divisions are made up of departments.) 


Since it is stafied with men of specialized background, 
experience, training, and interest, the Industrial Engineering 
Department may also provide special services to other-than- 
production departments, 


A glance at the table of contents of any book on the subject 

will show the wide variety of activities an Industrial Engineering 
Department can perform. Rarely, however, does any individual 
company*s department do more than a part of those listed.The 
scope of its activities in any company is a deciding factor in 
determining where to fit it in the company plan of organization 
and how to organize it internally. Equally important consider- 
ations are the nature of the services provided and the organiz-~ 
ation plan of the company. 


THE INDUSTRIAL ENGINEERING APPROACH 


In carrying out its functions, the Industrial Engineering 
Department uses what is sometimes referred to as the "scientific 
approach" - in other words, the industrial engineer gathers and 
analyzes facts, forms tentative conclusions, compares and tests 
the alternatives, and finally reaches and presents his findings, 
conclusions, and recommendations, 


It is a common fallacy to assume that all activities that lend 
themselves to this approach automatically fall within the province 
of the Indusirial Engineering Department. It is also wrong to 
assume that the industrial engineer is the only one who can 

apply these techniques successfully. This same approach is used 
by many other specialists. 
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AUTHORITY EXERCISED BY INDUSTRIAL’ ENGINEERING DEPARTMENT 


In @ealing with line and stafi cepar'ments, the Industrial 
Engineering Department exercises functional, not line, authority. 
In an A.M.A. Research Report, Marvin Bower explains the distinc- 
tions between the two as follows: “The executive with line 
authority says ‘do*; the executive with functional authority 

says ‘if and when you do, co it in this way." The line executive 
determines the need, timing, and place for action, while the 
executive with functional authority determines the method.* 


As menbers of a service department, the industrial engineers 
solve special problems and perform continuing work for operating 
departments. They should not be permitted to order the adoption 
of a method, the purchase of a specific item of equipment, the 
installation of an exact time standard; they should only 
recommend to the line supervisors that the action be taken, 

This is functional authority. Naturally, the Chief Industrial 
Engineer has line authority over all operations within his 
department. 


BASIC OBJECTIVE OF AN INDUSTRIAL ENGINEERING DEPARTMENT 


The basic objective oi an Industrial Engineering Department is 
usually twofold: (1) to establish methods ior controlling 
production costs and (2) to develop programs for recucing those 
costs; both the methods and the programs are instituted hy line 
weanagenent. 


in most cases the Industrial Engineering Department exists 
primarily to provide specialized services to the Production 
Division, Other divisions may use its services infrequently or 
extensively. Should their demands consistently be at a high 

level, it is often advisable to set up service departments in 

the other divisions so that Industrial Enginecring can concentrate 
on its primary responsibility to the Production Division. If 

this step is taken, ftormal organizational relationships between 

the service departments are seldom necessary since they will have 
very litile in common beyond @& uniform approach to problem solving. 


Ii, WORKING RELATIONSHIPS WITH OTHER DEPARTMENTS AND DIVISIONS 


An understanding of the nature and functions of industrial 
engincering is an essential preliminary to any treatment of 
departmental organizétion, By the same token one must also 
understand the working relationships such a department customarily 


* A.M.A. Research Report No. 20 
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maintains with other departments and divisions. Only then can 
the organizational place and structure of the Industrial Engineering 
Department be properly determined. 


In examining the working relationships of the Industrial 
Engineering Department with non-production departments or 
divisions or with departments within the Production Division, 


‘one finds no single, universally accepted pattern - at least I 


didn't. Not only do the working relationships vary from company 
to company but also from department to department within the 
sane pew gars & One does, however, find a fairly uniform set of °* 
standards that guide all Industrial Engineering Departments. 
These are: 


1. The department must recognize and fulfill its proper role. 


2. It must see that its work ties in with all company 
operations. 


3. Where the eifects of its recommendations reach beyond 
the area studied, the department must weigh those effects and act 
accordingly. 


4. The department must approach each problem objectively. 


5. The industrial engineering staff must conduct itself 
in @ manner to ensure the acceptance of its services. 


Each of these points or standards is importamt enough to the 
operation of an Industrial Engineering Department to justify 
further consideration here. 


INDUSTRIAL ENGINEERING MUST RECOGNIZE ITS ROLE 


As a service arm to other departments, Industrial Engineering 
must measure its success on how its work is accepted and what 
action is taken on its recommendations. It can greatly influence 
its standing by adhering to these simple rules: 


1. Respect line management's authority. A line supervisor 
usually has what he considers sound reasons for running a depart- 
ment the way he does. To ensure his continuing administrative 
success, he should be the only man with line authority over his 
group. The Incustrial Engineering Department must get its 


programs adopted through him just as a superintendent must issue 
orders through the foreman. 


Should the line manager and the industrial engineer disagree on 
the program or its timing, their common superior should hear the 
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facts on both sides. It is unsound for the Industrial Engineering 
Department to have or to use line authority to cet its services 
accepted or its recommendations enected, 


2. Supplement line management. The Industrial Engineering 
Departisent must never hecome a substitute for line management. 
Sometimes, through its own excess of zeal or through default of 
line authority, Industrial Engineering takes on projects or 
routine activities that should remain with line manégement. 
Although this may temporarily enhance the department's importance 
and indeed make it seem indispensable, it soon weakens line 
management, and in the long run harms operations. 


To avoid this, the Industrial Engineering Department should 
continuously strive to get line management to perform all 
activities possible. It should enter the scene only when line 
management truly needs the industrial engineer's specialized 
training, background, and knowledge, 


3. Gain the cooperation and good will of the departments 
served. Often when the Industrial Engineering Department works 
on a problem, the department served feels that “outsiders are 
horning in." This hostility is born of Cistrust ane misunder- 
standing of industrial engineering's real function. To counter 
it, the industrial encinecr musi Co all in his power to gain the 
coniidence and enlist the support of workers and supervisors in 
production departments. Once they understand what the Ineustrial 
Engineering Department is. trying to do and how its work will 
benefit the company and them, they will be quick to appreciate 
and accept the services olferec, 


4. Adapt its services to the needs of the department being 
served. by background, training, and experience the members of 
the Industrial Engineering Department are qualified to solve a 
variety of production problems by following an orderly pattern, 
Although they should use this asset to advantage, they should not 
use it blindly. A method of attack or a solution that is 
successful in one department may fail in another even though the 
problems are almost identical, The reason may be that the super- 
visor of the second department - or the department itself- is 
totally different in attitude or capability from the first. 
Recognizing these variances, the Industrial Engineering Departient 
must adjust its working methods to fit the needs and capacities 
of the department receiving its services. 


THE DEPARTMENT'S WORK MUST TIE IN WITH ALL COMPANY OPERATIONS 


The Industrial Engineering Department has a responsibility for 
ensuring that the work it performs and the recommendations it 
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presents tie in with company operations. This requirement holds 
true even when the depértment's scope of activity is limited to 
the Production Division. Specific examples of the need to tie in 
work with other-than-production civisions are cited below: 


1. Financial Division, In its work within the Production 
Division, the Industrial Engineering Department must recognize 
the procecures and requirements of the Financial Division in the 
following circumstances: 


a. In helping operating cepartments to prepare annual 
budgets, the Cepartment must adhere to prescribed procedures and 
format. 


b. Proposals for capital investments or large expense 
items must foliow prescribed procedures, 


c. Wage incentive proposals must he adaptable to proper, 
low-cost, payroll preparation. Payroll preparation procecures 
should provide, as a by-product, control data by which the 
[Industrial Engineering Department and the production department 
involved can follow the operation olf the wage incentive program. 


ad. The source data and reporting procedures used to 
provide information for Industrial Engineering should, where 
possible, be identical to those required for accounting controls. 


2. Sales Division. As a result of services to the Production 
Division, the Industrial Engineering Department may affect the 
Sales Division in the following ways: 


a. Proposed changes in production-lot sizes may shorten 
stock-replenishuent cycles and permit the quoting of shorter 
customer-service periods. 


b. Changes in warehouse layout, equipment, or materials 
handling may modify the time required to assemble, pack, and ship 
products, thereby reducing order~iulfillment times. 


ec, Changes in quality attainment may permit premium 
pricing in part or all of a product group, the opening of new 
uarkets, and so on, 


3. Industrial Relations Division. Industrial Engineering 
must work closely with the Industrial Relations Division where 
ihese subjects are concerned: 


a. Changes in methods may eliminate the requirements 
of certain crafts, create the need for specialists, or call for 
other adjustments in the labor force. All technological changes 
vitally interest the Industrial Relations Division. 
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be rather unimportant. Often, however, they can lead to dramatic 
changes that not only benefit the non-production department but 
reiniorce thes@eetion taken in the production department. 


2, Occasionally the value of an apparent improvement in the 
Production Divisions may be more than offset by the problems and 
additional costs it will create in another division. Sometimes 
the bad effects can he erased by modifying the recommendations; 
at other times the recommendations will not be made, 


THE DEPARTMENT MUST APPROACH EACH PROBLEM OBJECTIVELY 


Earlier [ have stressed that Industrial Engineering is a service 
departinent supplying manpower with special training, experience, 
and talents for solving problems in the Production Division. How 
it provides these services is equally important as the services 
themselves. 


To ensure that the actions it recommends are beneficial to the 
company as a whole and have a good chance ior adoption, the 
Industrial Engineering Department must operate with as much 
objectivity as possible. Three suggestions here will illustrate 
how that objectivity may be put into practice: 


1. In approaching a ,roblem, the Industrial Engineering 
Department must listen to aid evaluate objectively the viewpoints 
of all the departments aifected. In making recommendations, it 
should support its elected course of action by sound reasons 
proving that the proposal submitted ofiers the best possible 
solution. 


points of view and to treat them understandingly but firmly. If 
the department has succeeded in gaining the confidence of line 
managenent, the encginecr should be able, by his objectivity, to 
explain why the prejudice is ill-founded. He should never, of 
course, ridicule or expose the prejudiced man. 


3. Although the Industrial Engineering Department must 
never arbitrarily disregard the opinion of line management, it 
should not lose sight of the fact that its iirst concern is to 
strengthen the over-all operations of the company. This may 
sometimes require the department to act contrary to the wishes of 
production supervisors. 


CONDUCT OF DEPARTMENT MEMBERS IMPORTANT TO THEIR SUCCESS 


Industrial Engineering can materially enhance its standing in the 
company by the conduct of its staff. Here are some hints on 
promoting good relationships with line personnel: 
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1. Necognize the service role oi the Cepartiuent,. ‘enbers 
of the Industrial Engineering Denartment must reccenize thai 
held a unique position in the company. As trouble shooters with 
special tréining, their work usually calls ior upsetting the 
status quo. Since that may be én unpopular assignment, the 
successi{ul industrial engineers must buile confidence, take care 
not to disparage procuction eflorts, and observe cepartnuent 


protocol if they wish to be accepted by line managenent. 


2. Steer clear of company politics. an industrial engineer 
is occasionally assigned problems loaded with “political" impli- 
cations. In such a case il is important for him to be conpletely 
objective both in attitude and in action. Any other course will 
jeopardize his future acceptability and effectiveness. 


3. Respect line manacenent's prerogatives. In his service 
capacity, the incustrial engineer must work through line super- 
vision. Before undertaking a study in any departuent, he must 
see the supervisor or foreman, explain the purpose of his study, 
and solicit assistance. The department supervisor should be mace 
a part of the project, should select the men and cguipment to be 
observed, and should give all orders to cepartmental personnel 
necessary for the conduct of the study, 


4. Give proper credit for contributions, “he incustrial 
engineer should be quick to give others crecit lor contributing 
to the cevelopment of sound recoiuendations., Such recognition 
does not detract from his own reputation as an “icea man"; on 
the contrary, it enhances his standing, It gives hin a reputation 
as a catalyst. It will also make his work easier, ior operating 
men will come to him more readily with gooc suggestions. 


Ill. PLACE OF INDUSTRIAL ENGINEERING DEPARTMENT IN COMPANY 
ORGANIZATION STRUCTURE 


With this review of the nature of the Industrial Engineering 
Department, its responsibilities, and its working rela tionsliips 
within a company, we can now consider where it belonys in the 
organization structure. One guideline might be mentionec herc, 
obvious though it may seem: the incustrial Engineering Depart- 
ment should report to the executive who has line responsibility 
for the departments it regularly serves. Thus if a Vice- 
President for Operations is responsible for coordinating research, 
engineering, production planning, séles, quality control, personnel, 
and so forth, he should probably have Industrial Engineering, too. 
Ii, however, there is a Manufacturing Manager to who production 
aclivities report, the Industrial Cngineering Departrient should 
then also report to hin. 
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That guideline admits many interpretations, for practically 
speaking there can be no hard and fast rule governing the place 
of Industrial Enginecring in the organization structure of all 
companies and plants. To learn what forms are in effect today, 
we asked this question of a number of companies: “To what 
executive does the Industrial Engineering Department report, 

and what other executives are on the same level as that executive?" 
At the same time an explanation was sought of any line or 
functional direction in the Industrial Engineering Department 
received from any other executive, from a headquarters industrial 
engineering group,etc. 


Although the review showed no single, typical position in the 
organization structure for the Industrial Engineering Department, 
it did point up the factors that influence its position. These 
are: (1) the number of direct-labor employees, (2) the scope of 
industrial engineering activities, (3) the complexity of manu- 
facturing operations. 


1. Number of direct-labor employees. The formal recognition 
of Industrial Engineering as a full-time activity grows as the 
number of employees grows; at the same time, however, its 
organizational rank seems to become lower. 


In the small companies it was indicated that the top manufacturing 
man G@id all the industrial engineering that was done, in addition 
to his other duties, and that no formal department existed. 


In companies of 300 to 500 employees the men performing industrial 
engineering activities reported variously to Executive Vice- 
Presidents and Production or Operations Vice-Presidents. In these 
cases, the Chief Industrial Engineer was on the sane organizational 
level as the Superintendent and Chiei Product Engineer (but not 
necessarily considered so important). 


In companies with 6OO and over hourly paid employees, Industrial 
Engineering was formally recognized as a department and occupied 
a lower place in the organization plan. In these companies the 
chiei manufacturing executive did not have authority over 
engineering, quality control, and other activities, which are 
often grouped under one executive in smaller companies, and the 
f{ndustrial Engineering Department reported to a Factory Manager, 
Works Manager, or Superintendent. 


2. Scope of industrial engineering activities. The activities 
of the Industrial Engineering Department influence its place in 
the organization structure to this extent: it reports to the 
executive who is responsible for the departments in which it does 
the bulk of its work. In most cases, however, it provides some 
services to other departments. 
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3 Complexity of manuiacturing operations. The review 
showed that as manuiacturing operations crew more complex, the 
size oi the Industrial Engineering Department increased hut the 
scope of its activities cecredsec, - ore attention went to 
strictly production problems. The increase in coriplexity o3 
nanuiacturing Operations anc the corresponcing crowth of the 
Gepartment usually meant that Industrial Engineering reportec at 
lower organizational echelons than it cic in companies with 
less complex production operations. 


IV. INTERNAL ORGANIZATION OF INDUSTRIAL ENGINEERING DEPARTMENT 


In reviewing a representative number of companies to Cetermine 
what activities the Industrial Engineering Department periornec 
and how it was organized internally for the job, we founce that 
where the Industrial Engineering Department hac @ formal internal 
organization, it followed one of two distinct patterns, each 
bearing in its own way on the activities perforuec. In one 

case the activities themselves cCeterminec Lhe pattern; in the 
other, this Cependec upon departments servec, Most companies, 
iiowever, freely assigned groups oi engineers on &@ special project 
basis. 


GROUPING OF RELATED FUNCTIONS 


Uncer this plan the Industrial Engineering Department is civicec 
into sections, each responsible ior related functions. for 
exaiiple, work relating to time study may be in one section, 

methods work in another, anc so on, For the most part the members 

olf a section work regularly on all the activities in the section. 

Although they normally co not work on activities in another 

seciion, they may be temporarily transicrred on special assign- 

ments. 


As an organization device, the grouping of related functions 
these advantages: 


1. Since department engineers specialize within a narrow 
tield, they rapidly develop high technical proficiency. 


2. By limiting the range of its enyineers* activity, the 
department can operate ones J with personnel of more 
limited experience, 


3. Engineers can be easily assignee to tasks that hest 
suit their talents and interests. 


4, Line supervisors assicnec to the Cepartment ior special 
training before advancement can learn much about industrial 
engineering in a short time. 


ORGANIZATION PARALLELING THAT OF PRODUCTION DIVISION 


The other common pattern for the internal organization oi the 
Industrial Engineering Department is to parallel the organization 
oi the Production Division. In a plant that has, for example, 

a heavy machine department, a light machine department, and an 
assembly department, Industrial Engineering may be organized in 
sections to provide all (or almost all) the industrial engineering 
services to each. The engineers in cach section work with flexi- 
bility on all the problems of their allied production Cepartment. 
They are also transferred much more freely between sections than 


are their counterparts in departments organizec by a crouping of 
relatec functions. 


It is interesting to note that all companies with this type of 
organization invariably had one “floating" section that was not 
tied to any specific production department. It was ordinarily 
concerned with such activities as supervisory training, job 
evaluation, merit rating, and-so forth, The engineers working 
on those activities did so in all production departments serveé 
by the Industrial Cngineering Department. 


Several advantages are ascribed to an organization pattern along 
Production Division lines: 


1. This arrangement ensures that the highest priority 
problem in each production department gets earliest attention, 
Rarely are all engineers in a section engagec on a special 
project. 


2. An easy and friendly working relationship usually 
develops earlier between production department supervisors and 
the industrial engineers. 


3. The supervisors gain a good perspective on the production 
department's operations. 


4. This form oi organization provices excellent specialized 
training tor individuals being groomed as line supervisors of 
the department served. 


S. When men are transferred between sections of the 
Industrial Engineering Department, they bring a fresh viewpoint 
that facilitates problem solving. 


6. Men working on all aspects of a cepartment's problems 
receive very broad training and a good picture of how industrial 
engineering services complete and complement the production 
department. This enlarges their growth opportunities and promotes 
a better Industrial Engineering Department. 
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ONGANLZaATLON ON A PROJECT BASIS 


Regardless of how the Industrial Engineering Departiient as such 
is organized, all companies assemble special teams from tine to 
Line to conduct certain projects. Sone companies regularly 
maintain “iloating™” section ior just that purpose, In uiost 
cases, however, the special project team includes engineers 
temporarily recruitec from the various sections of the Industrial 
Engineering Department. Project teams may be iormed for an 
assignment in the Production Division - for example, to overhaul 
the wage incentive plan - or for special work in another civision 
not ordinarily served hy the cepartment. 


TACTORS GOVERNING CHOICE OF ORGANIZATION PATTERN 


Why a company chooses one iorm of internal organization in 
preference to the other is due to some oi these consicerations: 
(1) complexity of production operations, (2) size of plant and 
production departments, (3) single- or multiple-plant operations, 
(4) scope of services provided by the Industrial Engineering 
Department, anc (5) types of services provided (e.c., wide- 
coverage wage incentive prograns). 


Multi-plant companies with a home office industrial enginecring 
croup organized on a functional basis (i.e., by a crouping of 
relatec activities) tended to organize the Incustrial Engineerine 
Jepartients of the plantsin a similar way. This was especially 
uppérent where the plants produced diiferent procucts, the reason 
being that it enablec headquarters to coordinate the plants 
cilectively Cespite the dissimilarities in production. In nmulti- 
plant companies with highly autonomous plants, the pattern was 

the reverse. There industrial Engineering was organized to 
parallel the departmental organization of the Production Division. 


Where the Industrial Engineering Department is the major service 
groug in the company and regularly works in other divisions 
besides Production, it is usually organized by a grouping of 
relatec iunctions. In some instances, however, companies achere 
to no specilic organization plan but use incustrial Engineering 
in the ways they feel make the most productive use of present 
department members. 


NATURD AND EXTENT OF INDUSTRIAL ENGINCERING SERVICES 


whether the departisent is organizec formally or iniormally, it 
will be expected to perform many services throughout the company. 
The extent oi those services will depenc largely on how manacement 
wishes to use Industriaél Enginecring. “Many services, however, are 
an accepted part of the ineustrial enginecring function anc, as 


such, are germane to the present discussion. Part of the job 

oi organizing any department is to define its duties and responsi- 
bilities, outline its personnel requirements, and suggest its 
policies for internal administration. Personnel requirements and 
departmental administration are discussed a little later. The 
various services and responsibilities of the department are 
treated here. 


CONTINUING SERVICES TO PRODUCTION DEPARTMENTS 


Virtually all Industrial Engineering Departments provide continuing 
services to departments of the Production Division. The services 

mey be few or many and normally include such functions as time 
studies, methods studies, and development of wage incentive programs. 
The Industrial Engineering Department is ordinarily held fully 
responsible for the applicability and accuracy of the programs 
developed and recommended. 


INTERMITTENT SERVICES TO PRODUCTION AND OTHER DIVISIONS 


Besides its regular, continuing services to departments of the 
Production Division, Industrial Engineering may be asked from time 
to time to take on other work for Production or for other divisions. 
It may, for example, be asked to check the fabrication and assembly 
problems encountered in new product designs; to participate in the 
drawing up of labor contract proposals and in contract negotiations; 
to program the taking of a physical inventory. 


On assignments of these kinds the Industrial Engineering Department 
cus touarily acts only as an expert advisor. Responsibility for 

the actions taken rests jointly with the department requesting 
assistance and the Industrial Engineering Depar tent, 


SPECIAL SERVICES CNORMALLY ONE-TIME) 


Oiten companies are faced with problems that will probably never 
recur, such as the search for a new plant location or the possible 
acquisition of another company. In sone cases the Industrial 
Engineering Department is assigned to head such projects; in 
others it may participate in a less importént role. 


The performance reputation of the cepartment will undoubtedly 
have an important influence on the scope oi its responsibilities 
in these studies. Whether it or some other participant is put 

in charge of the project is immaterial; what matters is that 
whoever is in charge should define the role and responsibility oi 
every participant. Industrial Engineering can then execute its 
task and assume its defined share ol the total task. 


N AREAS NOT DIRECTLY ROLATED TO THE PRODUCTION DIVISION 


The specialized background, training, and experience oi th 
Industrial Engineeriny Depértment anc its role as a service group 
with available manpower frequently lead to its being callec in on 
problems ioreign to production activities. Examples of this type 
of service include a review oi Sales Department order-hancling 
procedures, an appraisal oi Accounting Departnent bookkeeping 
machines, studies of oifice mail and telephone services, etc. 


On problems like these, Industrial Engineering should be helc 
responsible ior the studies it makes, the conclusions it 

reaches, and the recommendations it offers. Ii the department 
head feels that his group is not well qualified to undertake the 
assignment, he should make this known to his superior in advance. 
When the project is completed, he should explain in his report 

any departmental limitations that have a hearing on the conelusion 
and recommencatiors presented, 


V. INDUSTRIAL ENGINCERING PERSONNE 


The same principles of personnel administration that apply to 
other line ana functional Cepartments apply likewise to Industrial 
Engineering. Each oi us is undoubtedly familiar with them. Vhat 
one may ignore are the special personnel considerations that set 
Industrial Engineering a little apart from the general run of 
Ccepartments., The major distinctions are: 


INDUSTRIAL ENGINEERING AS A CAREER 


Often the Industrial Engineering Department is staffed largely 

by recent college graduates whose major qualification is educationa 
background. These men may lack the stature and maturity to 
influence action. In “selling™ incentive piece rates io workers, 
in gaining the conilicence oi line supervisors, and in persuading 
executives to acti, uaturity and experience are beneficial. 
It therefore appears desirable that the well-stailec department 
have cnough senior engineers Lo balance the youncer group. That 
presupposes the existence of tangible career opportunities, for 
senior men ere attractec and held only in that way. 


The Industrial Encineecring Department does oifer carcer oppor- 
tunities in these respects: 


1, Young engineers entering the department kecone well 
schooled not only in incustrial engineering techniques hut also 
in the line jobs” they serve. In time, sheuld they clect to make 
@ career of industrial engineering, they can Specialize in one 


a 
fielé -- say methods work or wage administration -- and event 
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be recognized as an authority in the company. Should their 
natural bents lead them toward production work, there are often 


opportunities to transfer into line jobs, where there are further 
opportunities for advancement. 


The department is an excellent training ground for 
operating supervisors seeking to broaden their experience so that 
they may qualify for promotion to more important managerial 
positions. It also oifers opportunity to men from other depart- 
ments who would like to specialize in one phase of industrial 
engineering. 


3. A challenging idea has been experimented with where a 
line supervisor was transferred into the Industrial Engineering 
Department to spend his last years before retirement. This 
transfer was made to give the young industrial engineers a fine 
and experienced guide and colleague; it should also lessen many 
of the early anxieties of the successor in the operating depart- 
ment, for the new supervisor could freely consult him on depart~ 
mental administrative problems. 


QUALIFICATIONS TO BE SCUGHT IN THE STAFF 


The criteria for selection of industrial engineers will cepenc 
on the scope oi the departinent’s activities, the make-up of 
the present staif, and the department's program for developing 
personnel. In ceneral these qualifications should be sought: 


1. Knowledge requirements 


- Working understanding of production and engineering 
problems, or 


- College training or equivalent practical experience 
in engineering 


Personal qualifications 


Above-average intelligence 
Analytical mind 


Temperament and personality to move people to act 
even though no authority to order action exists 


Ability to work with other department members , 
workers, line supervisors, management, and union 
officials and gain their confidence 


Ability to present ideas clearly. 
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In addition to these qualifications, candidates should be judged 
on their fitness for the role industrial engineering plays in 
business today. An investment in superior men usually pays oif 
in the performance oi superior work. 


TRAINING 


An Industrial Enginecring Department is almost invariably 
considered a wonderiul iradining ground, but too often nothing 
is done to ensure that the training is complete and effective. 
This is as shortsighted as turning é@ man loose in a research 
laboratory and hoping that, with all the experiments going on, 
he will learn a lot. The experience may be interesting but not 
productive. 


Training in industrial engineering should be formalized. The 
first obvious step is a good orientation procran in which the 

new man learns what the department's mission is. If he is not 
familiar with operations in the departments Industrial Engineering 
serves, he needs that orientation too. Then he nust get specific 
tréining in the following areas: 


1. Methods and procedures used hy the Industrial Engineering 
Vepartment. 


2. The formal and informél organization structures of the 
company, the Production Division, and the Industrial Engineering 
Department. 


3. The technique of operating in a service atmosphere and 
dealing with workers, supervisors, managenent, and union officials. 


4. Pertinent technical phases of production operations. 


5. Company policies on time study, wage administration, 
areas of participation by the union, craft observance, etc. 


If he is a@ new employee, he should also have the recular company 
indoctrination. 


RECOGNITION 


Unless the subject receives proper attention, the Industrial 
Engineering Department may, in crediting operating departments 
for taking action, fail to obtain recognition for its own contri- 
butions and accomplishments. Too oiten the recognition it does 
receive is not reilected on the responsible Cepartiment member. 


Recognition of both the department*s and the individual's contri- 
butions is important. First, it stimulates further good work. 


14-17 


— 


Second, it builds the reputation of the department and thus 
encourages operating departments to make wider use oi its 
services. 


To ensure that its contributions and accomplishments are properly 
recognized, the Industrial Engineering Department might take 
these steps: 


1. Prepare annual prograns of work and anticipated attain- 
ments in dollar savings, just as a line department does; prepare 
period progress control reporis listing accomplishients to date. 


2. Promote internal recognition of accomplishment and 
outside-the-company publicity on work done anc, where applicable, 
give the names of the department members making major contri- 
butions. Technical society papers and magazine articles are 
excellent publicity outlets. Internal recognition can be gained 
by reports which point up individual anc group eccomplishments, 
assignnent to greater responsibilities or more complex problems 
and pay increasec. 


PROMOTION AVENUES 


How industrial engineering work qualifies an engineer ior 
promotion to a@ position of greater authority and responsibility 
was touched on in the section describing industrial engineering 
as a career. A few additional observations might be made here. 


The career of each department member should not be overly pre- 
planned, Even more important, opportunities for promotion to 
important production posts should not be denied to members of 
the department on the grounds that they are indispensable in 
their present duties. One reason many men are attracted to 
industrial engineering work is that it provides training for line 
and staff positions within and outside the Production Division. 
Within the Production Division are the possibilities of supervisory 
jobs in production - either foreman, assistant superintendent, or 
higher, depending on the individual's capabilities. Production 
Division staff jobs to which the engineer may aspire include 
manager of production control, supervisor of quality control, 
assistant to plant manager. Outside the Production Division, 

men with industrial engineering experience have successfully 

procedures coordinators, members of industrial relations 


departments, sales engineers specializing in product application, 
ete. 


These promotion avenues are open to the industrial engineer for 
two reasons: 


1. He is familiar with a wide range of company activities. 
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2. Eis approach to problem solving - the scientific 
approach - can be appliec to many situations in the company. 


VI, DEPARTMENTAL ADMINISTRATION 


Successful administration of a functional department such as 
Industrial Engineering is perhaps more cifficult to achieve 
than that of a line department. One reason is that it is more 
difficult to develop anc administer standards of periormance 
and to measure attainment. That inherent difficulty may, 
however, be turned to the advantage of the department. Since 
department members receive less direction and control than 
operating personnel, they must be seli-starters in order for 
work to get done. Their pride in doing a job well and quickly 
is @ great asset to successiul administration. 


Other factors that contribute to successful administration are 
Ciscussed below. 


ESTABLISHING PRIORITIES FOR PROJECTS 


It is beyond the scope of this paper to recommend specific 
procedures for determining what projects the Industrial Engineering 
Department should and should not undertake. Every project selected, 
however, shoulec be assigned a priority. Pere are some points 

Industrial Engineering should consider in scheduling its work loac: 


1, Potential value of solution. Each project should he 
appraised to determine how the problem might be solved and how 
that solution wowld benefit the company. “This review may lower 
the priority of the assignment or even eliminate some work. 


2. Eifects of delay. Having projected the potential value 
of a solution, the incustrial engineer can gauge the adverse 
efliects of not taking immediate action, This will further assist 
him in ranking projects. . 


3. Probable duration of activity. Before deciding whether 
delay will lessen the value of &@ solution, the engineer should 
look closely into the activity to be studied to see whether it 

is likely to be superseded or reduced. If external factors are 
apt to cancel or diminish the benefits he had foreseen, he should 
take them into account in timing his assignment. 


4. ‘Wishes of line supervisor. Althouch the criteria 
applied may point to a specific priority schedule, the Industrial 
Engineering Department should check that schedule with the 
Production Division. Sometimes a line supervisor may, for 
administrative reasons, wish to rearrange the sequence of projecis. 
Nis reasoning should be accepted unless there is a compelling 
argunent against at. 
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5. Conflicts with previously scheculec projects. Now and 
then every Industrial Engineering Department has a run of projects 
that demand top priority. Previously scheduled studies, some of 
them perhaps on the docket for a long time, are consequently 
pushed back and the priority list is revised. Such action is 
admittedly justified in an emergency, but it should always be 
carefully considered, for it can easily cause ill will and mis- 
understanding. 


It seems, by the way, that resolving schedule conilicts is usually 
more difficult for the Industrial Engineering Department that is 
internally organized by a grouping of related functions than for 
the one organized in sections to serve specific departments. In 
the first case a section of Industrial Engineering is a jack-of- 
one-trade to all the cepartments. It working relationships are 
not so close or its lines of communication so direct as those of 
the department organized to parallel the Production Division. The 
latter type oi dcepartment can usually explain priority changes 
with no trouble since its work is confined to only one area. 


Regardless oi the problems created hy schedule changes, all 
industrial Engineering Departments, however organized internally, 
have a responsibility to themselves and tio the company to 

examine schedule conflicts objectively and to resolve them in 

a way that will benefit the company iost. 


G. Training opportunities. Ideally, the young industrial 
engineer should cul his teeth on a simple project and gradually 
work up to the more complicated ones. Priority lists, however, 
seldom progress so nicely from the simple to the complex. 

Projects usually must he undertaken in the order of their urgency, 
with little thought about their complications. Sometimes, 
however, all other things being equal, the Chiei Industrial 
Engineer can and should schedule or re-schedule work to take 
advantage of the inherent training opportunities. 


ROGRAMMING THE WORK 


when priorities have been assigned, it is the job of the Chief 
Industrial Engineer anc the section heads to program the work. 
This entails five steps: 


1. Ensuring that manpower is available for continuing 
services. Department and section heads should review the priority 
list to determine whether any conflicts are apt to arise. They 
should also review the schedule of individual engineers. Despite 
their attractiveness, special projects should not he allowec to 
interfere with continuing services without approval by the head 
of the Production Division. 


G 
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2. Subdividing work. Subdividing the work expedites it, 
for engineers* skills or training needs can be matched with work 
requirements. Subdivision also brings in nore points of view and 
greater flexibility. It is usually wise to delegate routine tasks 
to workers with clerical skills so that the engincers can devote 
the greater part olf their time to the technical aspects oi the 
study. 


3. Establishing time schedules. Realistic ceaclines ior 
each step of the project are an important part oi programming 
and of every other phase of a study.. 


4. Scheduling outside participation. If the project will 
require the assistance of persons outside the Industrial 
Engineering Department, that should be included in the programming 
of work. The people concerned should be notified well in advance 
and their assignment confirmed by their department heads so that 
no conflicting demands will he nace on their time. 


5S. Srieiing all participants. A most important part of 
programming is to explain the project to cach man on the job. 
He should understand what the objectives are, what his assignment 
is, and how it ties in with the whole so that his contributions 
can be complete. Often he will offer excellent suggestions on 
work outside his own area of responsibility which contribute to 
ithe progress and success of the undertaking. 


REVIEWING THE PROGRESS OF THE PROJECT 


The best run companies have found that each project should have 
its check points selected in advance and that progress should be 
reviewed on a@ preplanned schedule. aA project control system 
should also be preparec so that the Chief Industrial Engineer 
can tell at a glance how things stand. 


wis heck points during the project. Almost any measure can 
be used as check points ior a@ project; a time period, a number 
oi dollars spent, @ number of hours recorded, or a combination 
these. 


Project control. The project control system should 
provide progress reports to be recorded against the schedule. 
It should be similar to that used itor production control in the 
factory. aA Gantt chart or some other comparable control system 
which shows job status and estimates of time to complete further 
stages can be used. ‘With such a@ system, the Chiei Industrial 
Engineer and section heads can tell at a glance which projects 
are behind schedule. That in turn will permit them to "control 
by exception" - i.e., ignore on-schedule projects between progress 
reviews and concentrate on those that lag. 


PRESENTING FINDINGS , CONCLUSIONS , AND RECOMMENDATIONS 


If it wishes to make the best use of its time and gain the best 
reception oi its recommendations, the Industrial Engineering 
Department will give careful thought to the point of view of 

the line department supervisors served. This is not to imply that 
it must form conclusions and present recommendations that are 
unsound; rather it is to point up the need for using diplomacy 

and common sense in presenting recommendations. 


Here are some suggestions to hear in mind: 


1. Determine the facts necessary to gain conviction. In 
persuading an executive that recommencations are sound, the 
Industrial Engineering Department should limit the facts presented 
in support os a recommendation to those that it believes will 
soundly influence the executive. It is idle to recite all the 
facts when only certain ones are controlling. 


2. Anticipate objections and be prepared to overcome then. 
Presentations should be planned to convince specific individuals. 
In that way the Industrial Engineering Department can develop the 
presentation so that it removes any doubts the department believes 
the executive may have. In addition, the presentation can, where 
desirable, provide an “escape hatch" for the executive should he 


feel remiss about not having taken the recommenced action earlier 
on his own initiative. 


3. Select proper method of reporting. The Industrial 
Engineering Department usually knows in advance to whom the 
initial presentation will be made. If it has reason to believe 
the material will be put to other uses, it should try to select 
a reporting method that will do for all. Often it is possible, 
with sound preplanning, to use photostatic copies of the same 
material on an easel, in a bound report, and also as the basis for 
cdevelopimgxthe installation program to be followed. Where there 
is doubt, the extra time and effort should he expended in 
preparing several presentations rather than a single omnibus one 
with its inherent limitations. 


4. Maintain good records. Following sound persuasion 
techniques may be dangerous if the engineer has not maintained 
good records. Facts that may not have been necessary to a 
persuasive presentation may be questioned when the recommendations 
are being put into effect. Unless the engineer has recorded them 
in his working papers, he may be at a loss to justify his position. 


Besides the “protection" good working papers give, they have 
important value as a reference library. They frequently are 
helpful on later studies. No project should be considered 
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finished until an action program is under way and the records 
and working papers sorted, codec, and properly iilec. 


VII. GETTING ACTION ON RECOMMENDED PROGRAMS 


Since Industrial Engineering is &@ service depértiment without 
line authority, it oiten has diificulty in getting people to 
act on its recommended programs. This can be minimized hy 

the manner in which the study is made - i.e., whether or not 
the departnent “sells” as it goes along. It can also he 
minimized if the recommendation is in the form of an action 
program that makes it easy ior management to act. Other steps 
the Industrial Engineering Depor tuent can take to induce uction 
include: 


l. Emphasize benefits to entire coiivany. The kroacer the 
range of signiiicant. beneiits, the more likely that action will 
result, First, more members of manacement will he interested in 
achieving the benefits; second, the action cannot die throuch 
the inertia of one executive. 


2. Point'up compensatine beneiits to incivicunals. If a 
recouwuenced action program will relieve excculives o! problens, 

the desirability of action will he enhancec, If the recounendc- 

ations reduce the number of workers reportirg to an executive or 
otherwise lessen his prestice or authority, the 


heneiits must be strongly eiphasized to cet hin 


3. Spell out the action progrém. The cction procrau should 
describe each step and designate each perticipant's responsibility 
and the date projected for completion of his assigim.ent. Sueh 
progrés will wake it easy for management to take action. 


u 


4. Provide procress check points in the installation plan 
for_use by line supervision. The installation plan should ha 
a for controlling the progress of the installation 
Similar to that recommended for projects within the Industrial 
Engineering Department. ‘where practicéeble, a waeuber of line 
Operating management, rather than a menker of the Ineustrial 
Engineering Department, should follow up the installation 
program, 


CONCLUSION 


This paper has intended to cover the broad subject oi Orcanizing 
for Industrial Engineering. It puts forth my contention that 

the eifectiveness with which an Industrial Engineering Departsent 
operates largely depends on how well the following factors are 
understood and weighed. The Industrial Engineering Depertment 


must be considered in terms of its: 


1. Role in business today. 


dorking relétionships with other departients. 


Place in company plan of organization. 
Departrental plan of orgénization. 
Personnel. 
Aduwinis tration, 
Getting action on recomuendec programs. 
where these factors are properly relitec, a conpany can expect 


continuing inprovements in controls over production costs and 
steady reductions in actual production costs. 
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THE DEVELOPING RELATIONSHIP BETWEEN COLLECTIVE BARGAINING 
AND INDUSTRIAL ENGINEERING SINCE THE CLOSE OF WORLD WAR II 


Dr. William Gomberg 

Director, Management Engineering Department 

International Ladies* Garment Workers‘ Union, AFL-CIO 
New York, New York 


The special industrial engineering techniques of interest to the 
trade unionist cover the whole gamut of management. Items remote 
from the employer-employee relationships like sales management, 
production scheduling and routing have their impact on the employer- 
employee relationship. They determine the effectiveness of the 
business, the profitability of the enterprise and the ability of 
the employer to pay the workers not only a living, but a prosperous 
wage. 
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However, I wish to confine my attention to those particular 
techniques that impinge most directly on the day-to-day collective 
bargaining activity in which both engineer and shop steward find 
themselves involved. These functions cover the area of job eval- 
uation, production rate setting by time study, and the administration 
of wage incentive payment plans. These techniques were found 
particularly useful by the trade unionist during World War II. 


The evolving relationship between the industrial engineers and 
the trade unionists during this period, can best be understood 
against the background of the special problems that the labor 
movement faced during. the war. 


rm 


The labor movement had not had an opportunity to really digest 

its newly found members immediately prior to World War II. The 
great organizing campaigns that began with the sit downs in 

rubber and automobile in 1937 had brought thousands upon thousands 
of workers into the trade union fold. The normal maturing process 
during the course of which local leadership would be trained to 
handle the day-to-day tasks of the shop stewards and shop committees 
had not had an opportunity to operate. 


Management for its part had not yet really reconciled itself to 
the permanent establishment of a trade union movement, as a 
normative part of our industrial culture. A newly organized 
Liberty League, made up of management's leading legal luminaries, 
had gratuitously usurped the function of the Supreme Court of the 
United States and declared the Wagner Labor Act unconstitutional 
in the mid-1930's. The result was that between the passage of the 
Act and the declaration of its constitutionality in 1937, manage- 
ment had felt free to behave towards unions in very much the same 
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pattern that they had pursued in the 1920's; or at least, if they had 
to compromise, felt that this was but a temporary strategem, pending 
a final showdown when a return to the country's political climate of 
1920 would make such an undertaking feasible. 


The declaration by the Supreme Court that the Wagner Act was constitutional 
came upon management like a thunderclap in the middle of the night. It 

was not prepared to meet this obligation emotionally or operationally. 
Management's churlish self-righteousness had elicited a corresponding 
antagonistic attitude from the trade unionist and each side had squared 

off in its corner. An uneasy truce only kept them from coming to blows. 
The constitutional verification of the Labor Act started a normal maturing 
process that did not receive much publicity. This maturing process was 


frustrated when the United States found itself embroiled in the second 
World War. 


Labor was called upon for a no-strike pledge and in return the government, 
through its various commissions like the War Labor Board, provided what 


amounted to tribunals that imposed compulsory arbitration of disputes on both 
sides. 


The inflationary pressures that began to build up under the stress of the 
industrial war effort led the government to impose a ceiling on wage increases. 
The labor movement felt completely thwarted. They reasoned, "It's obvious 
that it is difficult to strike successfully when there are nine million 
unemployed such as there were in 1939 in order to get any decent wage 


increase. And now the government tells you that you can't strike when 
there is a labor shortage. 


Strategically, we are always in the position of “heads they win and tails 
we lose." This was the prevailing temper. 


It was the job of the War Labor Board to administer the anti-inflation 
program through the government in such a way that wage adjustments could 
be carried on without increasing the labor costs of the products being 
manufactured. Suddenly the engineers and the trade unionists found 
themselves in an wneasy alliance. One of the rules promulgated by the 
War Labor Board was that a restricted amount of money could be added 

to the payroll to correct inequities in the wage structure. The trade 
unionist turned to the job evaluation specialist to make the inequities 


look big. Managemént turned to the job evaluation specialist to make 
the inequities look small. 


The War Labor Board caught in between, developed its own formal job 
evaluation procedures in order to rationalize its decisions between 
the contending experts. Wage incentive payment plans and the required 
procedures for setting production standards underpinning 
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the planus was siddcnly adopied by ac long opposed 
a i’t 
uny wage payments by results. In wany cases these wage 

incentive payment plans led to increases in production for 


which workers were correspondingly rewarded. 


in other cases, they were iavorite devices for the avoicance of 
the War Labor Board restrictive regulations, It was a@ relatively 
easy waiter to enforce regulations governing straight ti 

wenls to workers. All that wes needed was inspection of 

payroll hooks. The administration however, of couplicated piece 
rates wus.completely beyond the capacity of the War Labor B3oare. 
The dynamic behavior of American industry weant that old methods 
of making old products rapidly became obsolete; new methoes were 
being devised: ior making new products, new ways were being 
developed for waking old products, and finally new nethods were 
perfected for making new products, This lent American industry 
its @lan. It led Stalin to drink a toast to American product- 
ivity, while all the future red investigators naively were 
flattered and cheered. Dut it meant that the administrative job 
of the War Labor Board was hopeless. ‘Who was conpeteni to check 
whether or not every production standard and every time siudy 
was set to yield the legal earning opportunity specified by 

the little steel formula? 


The engineers took their consulting 
prices, the workers look their wages 


fees, the employers took their 
and old teuds were buriec 
and the basis for new conillicts were laic,. Statement after state- 
ment, directive after Cirective, memorandum aiter memoranecun 
issued from the War Labor Board in a futile atlempt to cover 

with rhetoric what could not be handled operationally. Every- 
hody was happy except the long term cconoutsit. Everyhbocy was 

busy living in the short run. Then the war ended. 


The employers were frightened by their conplete confusion and 
their inability to seo the new market. Wany of them conpenseted 
for their fesurs by wild talk about how they were going to teach 
labor its place. 


At that time I remember we had under contract @ sinall factory of 
the General Electric Corporation in Lowell, Mass. I found 
myself negotiating directly with the vice president in charce 

of industrial relations for the corporation, I remember the 
alaru he expressed ai the locker room talk of his colleagues 
where they evidently indulged their aggressions by hoastine 

what they were going to do those labor s.o.b.*s. This was the 
emotional clinale governing lebor relations at that time. 


The labor movement was frightened. It remembcred that in 1919 
and 1920 the great crcganizational gains of World War I had heen 
completely liquidated, by a post-war union busting cdauapaign. 


The N.A.M. had promulgated the American Plan and within a short 
time organized labor ranks had been decimated. Woodrow Wilson had 
convened an industrial relations conference in 1919. It was made 
up of the leading members of the labor movement and the leading 
management members of the country. The tone of the conference was 
set by Elbert H. Garry, President of U.S. Steel. The conference 
recognized the right of every worker to join a union, and the 
right of every employer to either deal with a union or not, as he 
chose. Most of management chose not to deal with a union. To be 
sure, there were isolated islands of union-management cooperation 
experiments here and there, like the Baltimore and Ohio plan. But 
by and large, the policy of American management that counted was 
to fight actively the trade union movement. The question in the 


minds of the trade unionists at the end of World War II was “would 
history repeat itself?" 


On the other ‘hand, the engineers provided a breach in the mid- 
1920*s in theysolid front of management thinking. The scientific 
management movement voiced a refreshing departure from the 
prejudices of top American management. The industrial engineers 
under the leadership of men like Harlow Persons and Morris L. Cooke 
had worked successfully with the trade unionists during the war. 
Immediately after the war they were prominently identified with 
outstanding union management experiments like the joint application 
of time study to setting incentive wage rate standards in the 
Cleveland Ladies Garment market. 


This experiment was conducted under }e leadership of Morris L. 
Cooke, an oJ@ ass@xiate of Frederick Taylor who had become a close 
friend of Samuel Gompers during World War I. 


The Taylor Society provided a forum for the dissident thinkers P 
among management including men like Otto Beyer who was responsible 
for the administration of the B, & O. Plan. They reprinted in 

their Journal the classic paper of R. G. Valentine, “The Relationship 
Between Efficiency and Consent." This was the first paper to lay 
down’ a philosophy upon which both management and labor could cooperate 
within a scientific management frame of reference. This was the 
historical experience which labor,,management and the engineers 
brought to 1946. The engineers had their dissident left wing 
tradition upon which to draw. The employers had their fighting 
slogans to which they could return and the insecure labor movement 
had its bitter memories with which to project the future. 


President Truman, like his predecessor Woodrow Wilson, also called 

a labor management conference. A key subcommittee of the conference, 
made up of equal number of representatives from management and 

lebor, was the Manaccment's Right to Manage Committee. The 

committee was unable to agree. 


The management members addressed a letter to the conference, 
extracts from which follow: 


“Labor members of the committee on Management's Right to 
Manage have been unwilling to agree on any listing of specific 
management functions . .. . if labor disputes are to be mizimized 
by the genuine acceptance by organized labor of the functions and 
responsibilities of management to direct the operation of an 
enterprise, labor must agree that certain specific functions and 
responsibilities of management are not subject to collective 
bargaining." 


The committee then went on to list some of the duties which they 
felt were outside the jurisdiction of collective bargaining: 


"The location of the business, including the establishment of 
new units and the relocation or closing of old units. . .. . . 
". . . The determination of job content; the determination 
of the size of the work force; the allocation and assignment of 
work to workers." 


The labor group on the other hand pointed out that: 


"The extensive exploratory discussions of the committee have 
brought forth the wide variety of traditions, customs and practices 
that have grown out of relationships between unions and management 
in various industries over a long period of time. 


"It would be extremely unwise to build a fence around the 
rights and responsibilities of management on the one hand and 
unions on the other. The experience of many years shows that with 
the growth of mutual understanding the responsibilities of one of 
the parties today may well become the joint responsibility of both 
parties tomorrow." 


Labor was in short accusing management of committing the logical 
fallacy of “false concreteness", a favorite fallacy of the legal- 
minded who must fit all living phenomena into a system of verbal 
categories. It was in this environment that the labor movement 
philosophy of industrial engineering developed. 


In the midst of this labor-management conference in Dec. 1945, 

the United Auto Workers, underxthe leadership of: then Vice 
President Walter Reuther, called a strike against General Motors 
Corp. that was to last 118 days. Reuther demanded ~hat the 
corporation increase wages 30% and offered to prove, if management 
would open its books, that the corporation could afford to pay this 
increase, reduce the price of a Chevrolet $50, and still make the 
largest profits in its history. 
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The anger of the company was more directed at the Reuther proposal 
that they open their books and the invasion of the area of price 
policy, than, by any of the economic demands. They accused him of 
using the union to promote a socialist ideology, and insisted that 
price policy and ability to pay were outside the scope of collective 
bargaining. 


Among the counter demands served by General Motors Corporation upon 
the union was the extension of the work week to 45 hours per week 
at straight time, and the institution of wage incentive payment 
plans all over the General Motors empire. 


The attitudes within the U.A.W. on wage incentive payment plans 
during the war had been a matter of dispute. One faction called 
for their promotion in order to cope with the ceiling imposed by 
the little steel formula. The other group remembering the bitter 
experience of the automobile workers during the '30's when piece 
rates were cut unilaterally, wanted no part of these plans. 


The demand of the corporation that the plans be spread solidified 
the entire union behind the position of opposition to the plans, 


While the auto workers were still on strike, Phil Murray led the 
steel workers out of the mills in January 1946. Both strikes 
were settled finally with the aid of government fact finding 
boards. The wage settlement was 184 cents per hour. This 
became the first step in a system of Post War pattern wage 
settlements. 


Phil Murray refused to go along with Reuther's intervention in the 
price policy of the corporation and the entire matter was dropped 
by the General Motors workers as well. 


On April 1, 1946, John L. Lewis’ demand for a royalty payment on 
each ton of coal to finance a welfare fund led to such employer 
opposition that the government was: forced to seize the mines. 
They were operated by Julius Krug, Secretary of the Interior, and 
a welfare fund was negotiated by John L. Lewis and the government. 
Lewis still remained unsatisfied and called a strike against the 
United States Government. On Dec. 3, 1946, Judge Allan T. 
Goldsborough found the United Mine Workers guilty of violating an 
injunction against the U.S. government and levied a heavy fine 
against the union generally and against Mr. Lewis personally. 


Finally on May+23 the railway train men and engineers tied up all 
the railroads of the country because they would not accept the 
findings of a railway settlement board to which all the other 
railway unions agreed. President Truman appeared beéfere a joint 
session of Congress and called for legislation to draft the 
railway workers into the armed forces. While he was calling for 
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legislation, the two railway unions yielded to his demand to 

end the strike, and the legislation he recommended failed largely 
because of the opposition of men like Senator Taft of Ohio. During 
1946 a total of 4,006,000 workers were involved in strikes and 
there was a total loss of 116,000,000 man days of work. 


In the midst of all of this turmoil, managewent-labor disputes 
were constantly on page one of the nation's newspapers. Public 
frustration was rapidly building itself up into a hysterical wave 
_that was to result in the passage of the Taft-Hartley Act. 


Significantly, however, simultaneously with all this public 
turmoil, a maturing process was at work.of much more significance 
but of much less publicity value than the strike news. Very 
quietly the wild cat strike leader of yesterday was learning how 
to sit down and work through a grievance with a superintendent. 
The tough manager was learning how to adjust to the thinking of 
the trade unionist. It is interesting to speculate whether or not 
the Taft-Hartley Act would ever have heen passed if it had managed 
to escape passage in the 80th Congress. 


The reason we have good labor relations in the United States today 
is that the pace-setters of American management have declined to 
take advantage of many of the provisions of the Act that would 
result in union busting. It's important that in reviewing this 
piece of history that we keep our dates clearly in mind because 
they provide the present day industrial relations environment 
within which we are able to examine the interaction between the 
industrial engineers and the leadership oi the Anerican Labor 
movement, 


Ou ic». S, 1947, Charies E, Wilson, president of General Motors 
Corp. was testifying before the Senate Committee on labor and 
public welfare. He stated “I will not have a closed shop. .. 
I aw never going to sign one. When it gets around to that, it 
will make a farmer out of me." 
By June 12, 1947, the Taft-Hartley Act was passed over the veto 
of President Truman. However, by May 29, 1948, a pioneering 
five-year agreement between the General Motors Corp. and the 
United Auto Workers was negotiated. This called for a 180° turn 
' in the policy of the General Motors Corp. in dealing with the 
auto workers’ union. A new improvement factor was built into the 
collective agreement that made the workers automatic participants 
in the increasing productivity of the corporation. Subsequent 
negotiations following this Act converted the clauses on maintenance 
of membership to complete union shops. General Motors set the 
pattern and the other leading industrialists in the country 
followed. It might be added parenthetically that the adoption of 
the union shop by’the Ford Motor Company, antedated the General 
Motors adoption of this policy. 
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union objective by General Motors that set the patternfor the other 


ial ideologists. Unreconstructed class-struggle trade unionists 
warned their more “gullible” associates against this streamlined 
bribery. I imagine at times Mr. Wilson himself was uneasy because 
of his lack of consistency, but this very inconsistency is the 
greatest tribute which we can pay to him. Here was a man who was 
able to learn from his experience and given the choice in finding 
the pragmatic solution to a problem he faced and loyalty to an 
obsolete ideology, he chose the courage of his inconsistency. I 
feel there is more to the key of American productivity in this type 
of managerial behavior than in all the learned treatises on this 
subject that find their way into print. 


It is no wonder that Fred Hartley, who was co-author of the Taft- 
‘Hartley Act, complained bitterly later that employers were 
surrendering to the union bosses. They were not making use of 
the tools he made available to smash the union. He had declined 
to run for re-election to Congress and set himself up as an 
expert consultant on how management could make use of the law to 
thwart the unions and discovered that the purchasers of his 


services were strictly third and fourth string prestige carriers 
in American industry. 


It was during this period that any labor representative addressing 
a management gathering was faced with the question, "What are you 
going to do about wild cats?" We would patiently reply that they 
would disappear in the natural course of the maturing process. 
Today they are no problem. American unions feel secure in their 
relationships with major American industrialists, with the 
exception of the right wing lunatic fringe of American industry. 


The Taft-Hartley Act has primarily been useful for marginal 
industrialists who have fought off organization of their workers 
in the Southern sectors of textile and woodwork. John L. Lewis, 
at whom it was aimed, has remained unscathed. This story has 
provided us with a background against which we can nowexamine what 
has happened in the various sectors of industrial engineering, 

vis a vis the labor movement. The history ol the 4 ay | 
between the engineers and the labor movement since World War II 
can be examined on two different levels. 


The first level can best be illustrated in terms of a few cases 
that have highlighted the relationships between individual trade 
unions and companies in the course of negotiations, arbitrations 
and court cases. 


The second level is concerned with the official relationships as ~ 
they have played themselves out in the activities of the groups 
who speak on behalf of labor and the engineers. In the case of 

the labor movement, it would be both the American Federation of 
Labor and the Congress of Industrial Organization. In the case 

oi the engineers, the Society for the Advancement of Management 
up until a few years ago, when the AIIE was created. 
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major sections of American industry to follow down the line. Charlie 
Wilson was accused of class treachery by many of his fellow manager- 
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The status of job evaluation as a subjeci ior collective Largaining 
has been long established. The latest decision inga number of 
cases that have been heard by the NL25 was handed down August 16, 
1955. It involved a case hetween the Forge and Machine Workers 
Industrial Union anc the Taylor Forge Pipe Works. ‘ihe trieél 
examiner found that the employer had refused to bargain with the 
union by refusing during collective bargaining negotiations to 
furnish the union with job evaluation point schedules. Alihough 
this decision clearly speAls out the nature of the union's equity 
in this procedure, the principle question remains to what extent 

do unions find job evaluation a useiul collective bargaining tool? 
The points of view that were current in the labor movenent at the 
end oi World War II in 1946 were ciearly brought out in a conierence 
of trade union technicians hele under the auspices oi the University 
oi Chicago. There is iiitle point in reviewing again the varied 
points of view that came to light at that time. Some of us may 
recall that Sol Barkin oi the Textile Workers Union and myseli 

were engaged in a rather lengthy debate that received widespread 
publicity at that time aboui whether or not job evaluaiion could 

be used as a collective bargaining tool. ‘This cebate was pretty 
well settled by the steel workers* adoption of a job evaluation 
scheme to govern the relationship between itself and the U.S. Steel 
Corporation. Many problems have arisen under the administration 

oi the plan, but by anc large, it remains viable and active. 


Another interesting case involves the tate oi the Southern 
California Air Crait industry plan. Some of us nay recall that 
this was the plan that was set up during Yorld War II to govern 
the classiiication of jobs in the iast growing aircraft industry. 


Clark Kerr and Lloyd Fisher described back in 1950 in detail the 
problems that arose under the administration oi this plan. They 
‘svaieu “The most diilicult and pervésive problem in the adminis- 
traiioa 01 job description and evaéluaiion in the Pacific Coast 
aircvait industry arose irom ihe frequent conilicts between 
measures Oi external and nwieadsures cl internal equity. The price 
61 a job in the market ig one well-estabiished measure oi its 
worth. The SCAI plan established a dciiferert measure oi its 
worth. The conilicts between these diiferent standards made tor 
continuous obstacles to ihe consistent administration of the 
glen. « »” 


It was discovered both in Southern California and in Seatile 
that the plan overveiued skill in relation to the faciors of 


job disutility, such as jch conditions and physical application. 


i recently had the good fortune to be called in vy the U.A.W 
e 


to consult with them in preparation for their collective bargaining 
negotiations with North American Aviation and Douglas Aircrait. 

The U.A.W. found itseli contronted with a problem opposite to 

ihat posed by Fisher and Kerr. Their problem was not the dis- 
utility of the jobs, hui the ceiling that the plan imposed upon 
skill and educatiorel requirements. The increasing complexities 


oi plane manuiacture fad ied to educational and skill at require- 
ments far in excess of those aniicipated in the So. Caliiornia 
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industry plan. The company had attempted to contain these skills 
within the existing plan by decreasing the step increments in 
points for each additional year of education required. For 
example: If three years of education called for 30 points, 10 
points per year, four years of education would call for 35 points, 
the fourth year would be valued at 5 points. A high powered 

brief was prepared to disclose the inequities of the plan and it 
was found that we might just as well have spared our efforts. 
The companies dropped the SCAI Plan with a minimum of pressure. 


The United Automobile Workers have negotiated a new agreement 
with the North American Aviation Corp. effective March 19, 1956, 


A new Article XVI, Sec. 3, calls for the designation of three 
members by the Union and three men by the company to investigate 
and agree upon a new or modified wage plan. 


It will be interesting to watch what develops out of the Board's 
deliberations during the course of the contract. 


Just where does this leave job evaluation as a technique in the 
determination of relative wages within a plant? I would say 
just about where some of us would have it belong. It is just 
one factor among others that will determine relative wages within 
a plant. 


Now let's take a look to see what's happened to wage incentive 
payment plans. The U.A.W., as I mentioned earlier, has always 
been officially opposed to wage incentive payment plans. Yet 
it was with great reluctance that the auto workers were forced 
to abandon a wage incentive payment plan both with the Willys 
Corporation in Toledo and the Studebaker Corporation. The 
agreement of December 1, 1954, between the U.A.W. Local #5 and 
the Studebaker Corp. has appended to it a letter dated August 13, 
1954, signed by Paul M. Clark, Studebaker Vice President, 
abolishing piece work in the Studebaker plant. Along with it 
went a reduction in earnings opportunity without a corresponding 
reduction in work ‘pace. The U.A.W. had undertaken a cooperative 
effort with the Studebaker Corp. to save the financial position 
of the institution. 


Here it was the union that wanted the continuation of the piece 
work plan and the company was advocating its abolition. Here 
again is proof that the policy of a union towards any of these 
techniques is dictated by the pragmatic economic requirements 
it finds on the job rather than any preconceived ideological 
position it may take at a convention. 


The recent dispute between the Westinghouse Corp. and the 
International Union of Electrical Workers revolved around the 
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setting up of production standards for indirect maintenance 
workers. A position paper of the Union dated November 25, 1955 
spells out the Union's position. 


The IUVE-CIO has maintained that no work standards should be 
imposed by Westinghouse on its employees unless the job is put on 
incentive. The Union maintains that to impose work standards 
without incentives is to createa "third class" citizenship among 
Westinghouse workers. Dayworke on standards would have all 

the disadvantages of Pn 3: A that they would get no 
incentive pay), and all the disadvantages of incentive workers 
(in that they would have to work against a standard). 


The Company would have a “one-way street" on this. It claims 
it can discipline or discharge people who do not meet the 
standand, but would provide no extra pay for ihose who exceed 


We maintain that this is not only an unfair and unworkable 
program, but in fact, it is contrary to the generally accepted 
best practices in American industry. 


The industrial engineering and trade union conference of 1946 to 
which we have already referred disclosed the currents of thinking 
within the labor movement about the application of time study to 
the setting of production standards. The interest labor has in 
this technique as a collective bargaining tool was clearly 
established in the arbitration decision following the Ford Motor 
strike in 1949 over an alleged speedup. The company was told 
clearly that although the agreement*reserved the right to set 
production standards that this right was not the same as other 
management's rights. It was not an absolute right. It was a 
right to initiate as against an absolute right to determine. 

The final determination that rate setiing was a subject for 
collective bargaining was important in the conflict that was 
developing between the labor movement and the organized engineers 
as represented through the Society for the Advancement of Manage- 
ment. 


Obviously, if labor had a right to participate in the process of 
rate setting, it was not going to countenance the imposition of 

a system of rate setting unsupported by any scientific foundation. 
What's worse, this code was unilaterally determined by a manage- 
ment society without any labor consultation. I am referring now 
to the Society for the Advancement of Management rating study. 

I have elsewhere made what I consider an adequate analysis of 

the validity of the S.A.M. rating study. On commenting on it at 
that time, I wrote: 
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“The rigorous standards we have chosen to measure the report 
are dictated by the claims made on behalf of the report by the 
Society. It has been the advertising program of the Society in 
selling these films that has led us to the harsh demands of 
rigor and perfection that we have a right to expect from an 
‘official’ Society code. 


"It is questionable whether or not the wo:viWitte*punposes 
of the Society are advanced by an energetic sales promotion 
program in which advertising techniques are permitted to play 
hob with the very excelient scholarly reputation the Society 
has hitherto enjoyed. Raising money through the sales of these 
films to finance research purposes is a worthy objective. 


_ “However, the most important purpose the Society has 
hitherto served has been that of a scholar‘s forum where material 
presented before the audience was completely open to the criticism 
of the scientific community. Doctrines presented there either 
survived or fell depending upon the ability of their proponents 
to establish and defend the scientific validity of the rationals 
behind their recommendations. 


"A review of the Society's literature fails to disclose the 
publication of any non-official material critical of the methods 
or findings of the investigation, Discussions of the film have 
assumed the appearance of sales promotion efforts rather than 
serious attempts to evaluate what has been done." 


As a result the American Federationist carried a special editorial 
denouncing the imposition upon workers of such a unilateral study. 
Walter Reuther, President of the CIO, in a special memo to his 
officers, denounced the study and warned union officers against 
accepting any of these bench marks as arbitration guides in 
disputes over production standards. 


Recently an attempt was made by an employer to make the S.A.M. 
rating films the arbitration criterion between the employers 
and the Carpenters Union in any production standards dispute 
which may arise. The Union again refused to go along. There is 
no doubt, however, in my mind that here and there some local 
union will be found, ignorant Of general union policy, who will 
be seduced by the surface plausability of these films. They 
will eventually learn the folly of their’ commitment. 


Our attitude towards the microscopic-standard data systems that 

have become fashionable since the end of World War II has been 

to observe that if one of these systems is right, all the others 

have to be wrong. And yet, strangely enough, they all work. They 
work because they create an atmosphere that leads to the working 

out of what the logicians would call a self-demonstrating hypothesis. 
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fhe worker knows what the engineer expects. He preters to awoid 
fights, He tailors his working pace to suit the expected increment 
earning. The worker is reasonably happy; the engineer celighted, 
and the employer is pleased’ And I don't see any point in up- 
setting the miasma of conlusion which all of them find so 
appealing. 


I would observe that our attitude is that we will do nothing to 
expel a system from a plant provided it is clearly understood that 
the system is not the criterion against which we will measure the 
adequacy of any single rate. We are iree to test check the rate 
against our own technical criteria, We would insist that an 
arbitrator hearing a rate dispute between ourselves and any 
advocate of a predetermined micromotion sysiem, agree in advance 
that the arbitrator would not confine his evaluation to the 
methodology or principles oi the plan. He must be left free to 
get his iniormation from all sources. 


The place oi the industrial engineer in arbitration of production 
standards has erisen in two significant cases. Case #1 was the 
Ford Motor Co. to which we have already alluded, and Case #2 is 
ihe LUE-Vestinghouse case which is still in the process oi being 
determined. 


ihe method used in the Ford Motor case was that the union retained 
ils own expert engineer and the firm designated its expert 
engineer, The two engineers consiituted a panel to choose a 

third lay member who would be able to resolve any dispute that 
might arise between the experts. 


The LUE-Vestinghouse agreenent callec ior the designation by both 
parties of an impartial engineer. At this time, both IUE and 
Westinghouse remain deadlocked. I much prefer the approach in 
the Ford dispute. The reason is not too difiicult to see. Any 
engineer who would be chosen by the parties in dispute is devoted 
the highest principles of integrity and is by necessity bound 
ihe particular set of procedures in this controversial field 
which he has pledged himseli in his writings and research, 
he remained without any opinions in this highly iluic field 
ours, he would likely be a person either without any courage 
without any knowledge. [ think a much wiser role tor the 
engineer would be to use his advocacy skills on behali of his 
clients and in the best tradition of our democracy, let the 
intelligent layman choose between the experts. Perhaps an 
illustration from another field will point up what I mean. During 
Yorld War Il a great controversy arose in the synthetic rubber 
program between the petroleum chemists and the grain alcohol 
chemists over what procedure would yield the most promising 
results. Obviously, no chemist who was an expert in this area 
could be gualiiied to resolve this dispute. His very training 
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and interest immunized him against impartiality. Eventually, 
the problem had to be resolved by a choice between the two 
contending groups by government lay administrators. 


Now where does all this leave us? We have covered job eval- 
uation, wage incentive payment plans, and time study systems. 
I would summarize by saying that they all constitute a set ot* 
limited empirical techniques that are found useful in collective 
bargaining. The relative stability of collective bargaining in 
our prestige pace-setting industries has made it possible to 
develop adequate means of living together within the framework 
of these systems. We are all safe as long as we are guided by 
an old adage first contributed to industrial relation by 

Prof. John R. Commons. His advice to both management and labor 
was “Use the expert but never surrender to his tyranny." That 
is about where we stand today. 
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MATHEMATICAL PROGRAMMING 
ON A DO-IT-YOURSELF PLAN 


John P. Jung 
Methods Engineer 
Philco Corporatton 
Philadelphia, Peansyivania 


{ would like to tell how we got into Méeihematical Programming, 
what some of our thoughts and ideas were, how we got startec 

and what some of our future plans are. It is indeed gratiiying 
to think that our efforts in the direction oi Mathematical 
Programming, particularly since that eifort was initiated through 
the Industrial Engineering Department, may be of some genuine 
interest and real benetfit to you. For that reason, I shall retrain 
from burdening you with a technical presentation. I would, 
however, preicr to relate to you tiy personal experiences and 
views along with those oi the people that [I have been working 
with concerning Mathematical Programming. As such, these should 
not be construed io reilect universal thinking within our 

Cosipany since that would be rather difficult, and generally 
subject to change. Moreover, [ would like to dwell a little on 
some 01 the workshop training material as [I have acquired it, 

in the hope that I may leave you with some worthwhile thoughts 
that might possibly assist you in some manner in your own seli- 
starting eiiorts. 


It would appear appropriate at this time to tell you briecily 

why we ielt we had a need to investiyate Mathematical Programming 
and low we proceeded. Needless to say, with increasing labor 

and material costs every eifort, though extremely ciificult, had 
io be made if we were lo hold the line in costs, Diificult io 

the extent that would appear to make conventional practices 
sometimes inadequate. Consequently, like all Industrial Engincers, 
we were constantly probing ior new ideas, methods or techniques 
lor cost reduction which can be achieved primarily in two ways; 
namely, by increasing productivity and decreasing operating 
expenditures. From the constant stream ol intormétive literaiure 
that was constantly passing through our hands, we became more and 
more aware that Mathematical Programming hac been finding 
successiul application in a wide variety olf business and industry; 
however, we knew little about it. ‘Ye suspected that there may 
heve been many other groups who were interested in it; although 
we, in the Industrial Engineering Department had seen little 
evidence that it could possibly help us with our imuediate 
oroblems. 
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From the limited knowledge oi Mathematical Programming that we 
jad acquired on our own, our first choughts were that our problems 
were quite different; at least diiierent to the extent that we 
couldn't see much analogy irom our vantage point between them 

and the applications that we were reading about. Much of the 
material that we had gathered pointed to the application oi 
theoretical approaches to long range objectives tying Mathematical 
Programming into the more complex Operations Research techniques. 

A rather briei survey, however, brought us to the conclusion that 
our problens weren't so different aitcr all. They were essentially 
the same as the other fellow's and there was no reason to believe 
that we couldn't develop and apply Mathematical Programming to 

our advantages. With this in mind, we began our iirst real 
concentrated search for other ways to reduce and control costs. 

Our immediate thoughts were to isolate Mathematical Programming 
from the vast field oi scientific management, acquire the 
information we felt was needed and train a series oi pilot groups 
within our own department to further stimulate activity in cost 
reduction research. At the same time, we were anxious to see 

just what we could accomplish ourselves. 


As Director of Training for the Industrial Engineering Department 
of the Television and Radio Division of our Company, in the 
Spring of 1955 I attended a workshop program in Mathematical 
Programming at the National Institute of Management Ciormerly 
Executive Services) in Cleveland, Ohio. It was the only work- 
shop program that we knew of at that time, which we had discovered 
through an article appearing in an Iron Age publication citing 

a specific Mathematical Programming application. When I returned, 
I was both convinced and coniident that here was a management 

tool that could he put to work almost imnediaicly. A brief 
presentation to the Manager of the Industrial Engineering Depart- 
went quickly convinced him oi its potentialities and that we 

should proceed as soon as possible with the pilot training that 

we had been considering. With management approval and endorsement, 
but with the understanding that we could not disrupt any current 
activities, our first pilot program got under way within a few 
weeks, 


The material used for our initial program was essentially an 
almost exact repeat oi that which I had received at the workshop. 
I would like to give you a brief rundown oi Uthat iaterial, We + 
felt that it was general enough in nature to provide the 

stimulus that we were seeking and we didn't ieel that we wanied 
lo take the time to sift or arrange the material itor any specific 
requirement. We realized too that we had to first test ourselves 
to see if we could repeat the materiel accurately and see if any 
immediate applications appeared evident. This was not the case 
with our subsequent programs as each group contributed measurably 
to adapting the material for the next group. In order that you 
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may fully understand what you can expect irom a workshop 

program, I would like now to describe the material in general 

to you, exactly as I received it and as it was passed on. In 

so doing, I believe you may find some of the comments and 

opinions of the people who were instructed by us quite interesting 
and of some value in any training plans you may contemplate. I 
shall endeavor to inter-relate them for you in the description of 
the workshop program. 


Any program of this nature, introduced to a group of people for 
the first time, must necessarily begin with a brief history of 
the subject matter. This usually consists oi nothing more tian 
telling your people about Maihematical (Linear) Programming in 
general; how 1t grew up in Britain during the last war, the 

need tor it and how it developed. You will iind this relatively 
simple for it is purely a matter of history. I might add here, 
that the terminology Linear Programming has a tendency to create 
an enigma in the minds of most shop, oiiice and tactory people. 
It raises the question, “how much mathematical background and 
knowledge is required to learn and participate in such a program?" 
This, I believe can be quickly dispelled upon emphasizing that 
your approach is intended to be one oi a practical nature; 
meaning oi course that you are seeking better and quicker methods 
for problem solution rather than intending to fumble around with 
cumbersome higher mathematics. Pointing out that a iundamental 
knowledge oi nothing more than high school or first year college 
algebra is required will do much to dispel such anxieties. 
Continual reierence to Mathematical Programming rather than 
Linear Programming will also help. In fact, we are still 
searching tor a more appropriate title; but, for want oi a iitle, 
we are presently reierring to it as simply a Training Program. 


A brief review of tundamental mathemalics was given in the work- 
shop program that I attended. We have iound that to be essential. 
Such a review should include the handling of mathematical terms, 
constants, coefficients, graph plotting, determinants, simo 
equations and the rudiments of matrix algebra including mathem- 
alical notation. We experienced considerable difficulty in 
these areas. We are all more or less inclined to drift away 
from the organized application of mathematics to the solution of 
the majority of our everyday problems. Because of ihis, I 
believe it is usually well to hurdle these obstacles at the 
beginning for if interest is to be lost it would best be lost 
then and there. Without interest there can be little genuine 
desire for learning. And where the desire for learning is 
lacking, training cannot possibly be eifective. 


Considerable time was devoted to mathematical notation and 


problem formation, For as long as we deal with simple problems 
involving not too many variables, a verbal description is often 
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adequate. However, ii we expect to deal with more complex 
problems with innumerable inier~related variables, the human 

mind has a tendency io bog down giving need to a more constant 
approach, From the numerous workshop case studies, concepts on 
the establishment oi mathematical models can readily be taught. 

A mathematical model is nothing more than translating a problem 
into mathematical language ior the purpose oi solving a business 
problem. Experience will indicate, I believe, that such concepts 
make it possible to describe and comprehend the iacts oi a 
problem better than any verbal description can hope to, From 

the mathematical model it is possible to uncover relationships 
between various aspects oi a problem that are not readily 
apparent, or possibly to explain some oi the cause and eilect 
relationships not easily understood. They can also be enlarged 
step by step to include additional factors stating the problem 
fully or quantitatively. They may also be used to simulate a 

set of conditions ior a possible aid in decision making. Much 
can be said about the need ior mathematics in a training program, 
A thorough knowledge of the background of the group to be trained 
is necessary in order to determine the extent of the training 

in this area. 


Having bridged the gap of mathematical requirements, the work- 
shop program entered right into the subject matier. At this. 
point, @ precise definition of Mathematical Programming usually 
is in order. This is quite 4 simple matter; for unlike 
endeavoring to precisely define Operations Research, Mathem- 
atical Programming can be defined simply as “group of mathem- 
atical procedures for handling a large number oi variables each 
representing a diilerent course oi action and selecting the 

best of these choices." I believe you will find this definition 
most adequate. If you will recall, I stated earlier that there 
were sone questions in our minds as to whether we actually 
possessed areas ior application, Given in the workshop program 
are the seven basic requirements itor Mathematical Programming 
which have been developed by the experts, have been thoroughly 
tested by them in their respective tields of endeavor and have 
been found to have universal applicability. Since I feel they 
are all important, I present them to you here as follows: 


i. There must be an objective or policy determination, 


2. There must be a number oi alternate choices or 
diiferent ways of taking action, 


3. There must be some rate of efficiency between these 
choices. 


4. There must be a definable set of upper restrictions 
Or limits; namely, what you cannot exceed. 
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5. There must be a deiinable set oi lower resirictions 
or limits; namely, what you niusti do. 


6G. ‘There must be an inter-relation or connecting link 
between ihese conditions, 


i. And iinally, there must be a common unit oi measure. 


With these requircments clearly esiablishec, you can reasonably 
expect to iind yourseli in a favorable position io begin with 
the various melhods and procedures. ‘the first studies undertaken 
in the workshop program were those relating to the various 
Distribution Systems and here the iirst problem oi tailoring 
quantitatively for any specific requiremenis becones evident. 
lt must be remembered that since apparently no concise or 
consolidated text on Mathematical Programming has appeared to 
date, all that one can essentially do is to borrow irom what 
has been done in the iield. This was summed up very nicely in 
ihe workshop program that IL attended. 


The procedures portion olf cle program began with the Conventional 
Distribution System, olten reierred to as the Transportation or 
Stepping Sione Method. An article entitled, “The Siepping Stone 
Method oi Explaining Linear Programming Calculations in Trans- 
portation Problems" by W. Cooper and A. Charnes will serve as 
valuable background material. This method is considered rather 
cumbersome in actual practice but provides the iundamental under- 
standing required for all Distribution Systems. ‘The improved 
Modi (Modified Distribution) is easier to teach, easier lo 
practice and generally more iavorably received by a novice group. 
Considerable time and treatment was devoted to these methods 

in the workshop program. I would like to state brieily that 
these are essentially systems ior optimizing a set of conditions 
dealing with measurable quantities. ‘They can be usec ior such 
objectives as maximizing proiits, minimizing cosis and the like 
and have found their greatest applicalion in transportaiion types 
oi problems. Numerous applications have also been made in 
receiving, shipping, stores and inventory problems. Case studies 
received from the workshop provide the suitable material basis 
ior developing analogous applicaiion. Considerable study was 
given the Index Method ior Machine Allocation or Scheduling; 4a 
Simplex type ol problem adapiecd to a Distribution Technigue and 
an excellent example oi which is furnished by the workshop. A 
refinement of this technique entitled the Nora Process is also 
clearly illustrated. Case studies involving cegeneracies, 
conditions of impossibilities and other iorms olf peculiarities 
that may find their way into these systems are studied careiully, 
since obscure iactors that may afiect tinal decision making are 
generally brought to light. Fron these workshop examples you 
will iind it relatively simple to seek out your own applications 
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as we have done. Ol course it may be necessary to work with 
hypothetical situations ior a while until one is found that is 
suitable for application. Problems oi selling and installing 
applications, depending upon their realia and magnitude, can 
become source greai diiliculties. Since, rarely would any 
two cases be absolutely identical; it would be rather difficult, 
if not impossible, to give you @ specific example. However, you 
will tind, as we have iound, that considerable stimulus ior 
application will arise irom these procedures since they are quite 
simple and easy to handle and capable oi furnishing fairly rapic 
answers . 


A comprehensive study of the Simplex, the iormalized method oi 
problem solution was made in the workshop. Briefly, this system 
consists of establishing by means oi mathematical notation all 
of the equations representing the problem in a model form along 
with its objective in a truly organized fashion. Considerable 
hardships in formulation are usually experienced by many 
operating people; because in the absence of a suitable text it 
is rather diificult to be seli-taught by the average man in the 
shop, the office or the factory. Mathematical minded people as 
a rule have little difficuliy with it; since the problems, once 
iormulated, are solved by a straight-iorward procedure. I 
wight add that the technique was developed by Mr. George 5. 
Dantzig, Research Mathematician oi the Rand Corporation and I 
understand has been programmed itor computers. 


Application of Mathematical Programming to profit, loss, 
eificiency and utilization studies were given considerable 
aliention as well as probiens dealing with Product Mixes and 
Inventory. Possible application to Market Research, Salary 
and Promotion Evaluation, Advertising, Testing Procedures and 
the Game Theory Approach were also demonstrated and discussed, 
I would like to comment briefly on the latter; Game Theory and 
Mathematical Programming, ior although I can cite no speciiic 
practical application, a study entitled “linear Proyramming 

in the Solution of Reiinery Problem" by Gifitord H. Synonds, 
Chairman of the operations research sub-group oi the Esso 
Standard Oil Company, Linden, N. J., will provide considerable 
food tor thought. I have heard that it is to he published in 
the near future. 


Finally, a short discussion on computing facilities was included 
to assist in orienting oneseli in the present and future require- 
ments itor such equipment. We have found thai including a major 
portion of this material will provide a favorable impetus to 
thought stimulation and at the same time afiord a means for 
adequate practice. 
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To dale, approximately 55 people have received training in our 

own workshop prograns; fashioned in some measure aiter the material 
I justi described. ‘They include Industrial Engineers, Industrial 
Engineering Supervisors, Time Study Engineers, Clerks, Test 
Engineers, Material Control personnel and Labor Cost Engineers. 
These people were admittec lo these programs primarily by 
appointment arranged to least interiere with their regular 
activities. A iew were taken in either at their own request or 
that of their respective departments. The amount oi training 
given in these programs varied irom a iotal oi 20 hours to 
approximately 60 hours. ‘To elaborate on the details oi the 
quantitative content ol each program would avail little here since 
that is purely a requirement oi speciiic needs. It might be 
worthy to mention, however, that experience has indicated the 
practical limit of the size of these groups to be approximatel y 

15 people. This will invariably yield suiiicient time ior 
individual attention and provide for ease oi management. 


I believe the time has come to outline the objectives oi these 
programs. They may be summed up brieily as follows: 


1, To promote a yreater interest in the iields of applied 
mathematics to management problems. 


2. To propagate what has been done with Mathematical 
Programming by telling our people about it and having them do 
the selling to their associates and contacts, 


3. To develop and stimulate immediate application tor cost 
reduction, if possible. 


4. To promote and encourage individual as well as group 
participation and eifort. 


5S. And, ultimately, to prepare operating personnel for 
integration into Operations Research and Methods Activities. 


From some of the earliest indications, it would appear that we 
shall continue to do this job internally, by selecting the 
people with the greatest cnthusiasm and best background. You 
see, we iteel there are distinct advantages in a Do~it-Yourseli 
Plan. Since they appear io have the earmarks of real signi- 
ficance, 1 would like to present them here to you: 


1. You have people that are completely aware oi your own 
situation and have a better understanding of the company policies. 


2. They know the people they have to deal with and, as a 
result, carry with them some degree of acceptance. 
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3. They need not necessarily be equipped with the ability 
io do all the scientiiic work, but they can consult with and 
assist each other in tormulating and solving problems as well 
as making proposals to management, 


4. Finally, their relationships and associations are 
relatively permanent; which is a distinct advantage over the 
consultant approach whose role is by nature generally only a 
‘emporary or periodic one as opposed to a continuing one. 


In this way, we believe that we can be reasonably assured of 
developing the nucleus for continued activity. 


The question will finally be asked, "What does Mathematical 
Programming mean to us and what havewe accomplished with it?" 

It should first be remembered that all of our training activities 
thus far have been on a periodic basis and without the disruption 
of any existing operations. Admittedly, we don't contend to 

have trained any experts nor thal we are experts ourselves. 
Neither do we claim any huge successes, since we believe that 

the applications to date are entirely insignificant of the 
potentialities of Mathematical Programing. However, we have 
under consideration several proposals indicating sizable savings 
which are presently being studied. We do feel thal we have made 
a start and we think it is a good one. We believe too that 
Mathematical Programming has contributed a great deal toward 
getting more oi our people to think and work with a common tool. 


From our experience, it would appear that we can expect continual 
growth and evolution in this area. 


It has become apparent to us that it becomes extremely difficult 
to delineate Mathematical Programming entirely from the various 
other fields of management. I have recently attended an 
Operations Research Seminar for the purpose oi determining how 
Mathematical Programming can best be integrated into the broader 
Operations Research approach. We have many plans and estimate 
that it may take as much as two years for these to fully 
materialize, It is hoped that eventually the people who have 
shown ihe greatest applicability might form the nucleus oli a 


consulting group capable of dealing with problems affecting all 
operating areas. 


In conclusion there are only two more points that I would like 
to make that may be of particular interest and benefit to you, | 
Every type of program activity requires a channel for commun- 

ication, a means of obtaining and disseminating information and 
of the many agencies who have offered themselves, I would refer 
you to the Society for Operations Research and the Institute of 
Management Sciences as the most ideal sources for background 


hh 


iniormation. For workshop program matcrial, I can endorse both 
iie Nationél Institute oi Management, Inc. in Cleveland, Ohio 
and the Operations Research Institutes, Inc. in New York City, 
both oi whose work I am quite familiar with and believe to he 
oulstanding. Here you can obtain first-hand reliable background 
information directly irom people who are experts in their parti- 
cular fields of endeavor, outstanding in ability and genuinely 
enthusiastic aboul their subjects. And the material is 
presented in such a iashion to make it adaptable to any 

approach you care to make. 


16-9 


USE OF ENGINEERED STANDARDS IN OVERHEAD OPERATIONS 


Lt. L. L. Kornfeld, Supply Corps, U.S. Navy 
Mgnt. Engineering Div., Bureéu Supplies and Accounts 
Department of the Navy, Vashington, D.C. 


I now see why I am the last speaker, after three of my Army 
colleagues. First, all these brilliant, ingenious devices and 
techniques that I was going to claim for the Navy -- they have 
already claimed for the Army. Secondly, they have left me no 
tine. 


Lord Kelvin once said that you cannot control a process unless 
you caén measure it. My Bureau in the Navy Department, the 
Bureau of Supplies and Accounts, as other government agencies, 
has for years been utilizing statistical measurements tor 
control purposes. 


Recently, as a refinement to statistical techniques, we have 
adopted an engineered time standards progran. An engineered 

time standards program, by our definition, is a program where 

we set time standards on all our cperations, utilizing techniques 
such as time study, methods time measurement, Yale and Towne pre- 
determined time standards and ratio delay studies. 


The Bureau of Supplies and Accounts is one of seven bureaus oi 
the Department of Navy located in Washington, D. C. The 
principal Navy-wide responsibilities of the Bureau of Supplies 
and Accounts are procurenent, inventory control, storage and 
issuc oi material for the Navy, as well as transportation, 
accounting and disbursing; in short, complete logistic support 
to get the right material at the right time in a right amount 
at the right place and to account for it. 


To give you an idea of the size of the job, the Bureau's budget 
for these functions is about $300 million per year. We handle 
about 1 million measurement tons per month. ‘Ye process over 

1 million requisitions of material per month. We have 175 
million square feet of storage space and alinost all filled. We 
employ an average of 50,000 civilian ezployees in the Bureau 
of Supplies and Accounts alone and more than half of these 
50,000 are engaged in clerical functions. We have over 50 
major field activities, all over the continental United States 
and the world, performing these functions. 


It is apparent from these figures that by size alone, an 
engineered time standard program should be profitable in what 
we term our supply operations, clerical and paperwork, ware- 
housing, electric accounting machines and public works maintenance, 


_ 


We originally became interested in engineered time standards 


due to a capacity study that the Bureau of Supplies and Accounts 
initiated, The intent of that study was to determine the 
capacity of one of our supply depots in case of mobilization. 


During that study it soon was realized that the tool of 


engineered time standards had more potential than the capacity 
study. 


The Chief of the Bureau of Supplies and Accounts, then agreed 

to permit a pilot study of engineered time standards to determine 
whether time standards were applicable in our supply operation 
As a result of the pilot study, we definitely proved that time 
standards are applicable to supply or overhead operations. 


At this time we héve six installations using engineered time 
standards, and plan to commence six more in the near future. 


Let me describe the objectives of our program. Basically, our 
objectives can be categorized into three factors. We look at 
engineered time standards as a management tool that can be 
utilized at all levels of supervision. We feel that our 
supervisors who have this management tool available to them 

can distribute their work load to their employees more effectively 
and also can appraise their employees more effectively. 


We now have a measurement to determine whether Mary Jones, who 
is sitting out there typing documents, is giving us a fair day's 
performance, an outstanding day’s performance, or a poor day's 
performance. Where Mary Jones has consistently been giving us 
an outstanding performance, we have utilized the incentive award 
system. We have granted awards to outstanding employees, who 
have consistently maintained an increased productivity. 


The second objective of our program is that we feel that we can 
determine the impact of new work or new procedures prior to 

their installation. We are notorious in government and probably 

sO is comercial industry for making changes based on “guesstimates" 
or intuitive knowledge. Many of these changes are for the purpose 
of achieving manpower improvements, and someone has determined 

that they will achieve this additional manpower. But they have 
been determined intuitively and the manpower claimed is not 
adequately substantiated, 


With time standards we feel we can measure the proposed system, 

how many manhours it will taken, and we can measure the existing 
system and then actually compare the manhours that the proposed 

and existing system or procedure of these systems will actually 

require. Then determine whether it is wise for us to make these 
changes and then perhaps, many of these changes that we generate 
so freely will be completely discontinued. 


The third objective of our program is that we feel engineered 
time standards will and have helped us determine our manpower 
requirements. 


Ve set standards on just about 90 percent of our employees at 
this time in the areas that we have gone. into. By knowing 

the standards, by knowing our workload, we can staff accurately. 
No longer do we feel that we have been subject to the normal 
criticism that we have two employees for one day's work. ‘Ve 
will attempt and we have in the areas where we have standards 
now just about completely eliminated all icle time from our 
systen. 


As an aside, it always interests me that in production shops or 
straight manuféecturing areas, it is rare when you approach an 
ecuiployee who doesn*t know exactly what her supervisor wants 
production-wise day by day. She can tell you “I have to produce 
to meet standards 100 items a day." Yet in clerical areas, 
warehousing areas, or the overhcad areas it is just as rare to 
find an employee who knows what the supervisor wants in those 
areas as far as daily production is concerned, 


Engineered time standards we feel and have shown can give us 
thet type of information. And that information has a great 
psychological advantage, because basically we feel that most 
normal human beings attempt to give you what you want if what 
you want from them is a fair request. And we feel, if our 
standards are fair and consistent, we can improve our production 
that way. 


I was going to go into the cetails of how we select our people 
and the testing procedure and how we are careful as to who we 
select ior this program. 


at this point, I will just say ditto to Mr. John Nevros' speech, 
we Go about the same thing the Army does in selecting and 
training our people, with the exception that we use the method 
time measurement system in licu of DAT. 


As you @ll know, the case history of labor management relations, 
time study has run up @ long record for making trouble. In the 
past six years nearly 25 percent of all manhours lost from work 
stoppace was coripletely caused by arguients about measuring & 
worker*s performance. 


When we started our program we were well aware of this sensitivity 
and céution was our password. 
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When we initiate our standards progrém in any installation, we 
conduct a complete and thorough indoctrination for all perscennel 
concerned, that is, top management, coumandcding officers, 
executive officers, all his militery staff, all his supervisors, 
all employees either in groups or individual contact. 


We emphasize extensive publicity. The very first steps are 
newspaper releases to both local house organs and to the local 
newspaper; we contact the Congressman of the area. ‘We pess out 
to every single employee at that activity @ description of our 
program, as to how we are going to do it and what we are going 

to do. And this passout is depicted very nicely in cartoon form. 


Je explain to our employees that this is not ¢ speed-up progran. 
We have no such intention. But what we are trying to do is 
arrange a fair working agreement, a fair day*s work between the 
employee and her supervisor. 


As mentioned previously, the techniques that we use are time 
study, methods time measurement, the Yale and Towne pre- 
determined standards and ratio delay studies. 


I would like now to demonstrate to you two examples of areas 
where we have set standards. One is the procurement ranch, 
and the other is in our electric accounting machine room in 
the key punch branch. 


In the procurement branch, we have a branch that is involved 

in the actual purchasing of material for the Navy under contract 
and also orders for material uncer contract. In this hranch we 
had to set 27 standards. These 27 standards were the standards 
utilizec by the supervisor for distributing workloads and for 
appraising hourly and daily production of the employees working 
fer the supervisor. From our management point of view and top 
management we have pyrimided these 27 standards into 10 standards. 


Slide, please. 


Utilizing these 10 sténdards, we obtain the performance 
i 
eiiectiveness of the entire hranch, 


I would like to point your ettention to standards nunber 4. 
Standards number 4 wes set in @ contract vnit. The operation 
is typing contracts. The unit of measure is contracts. The 
stancara's hours is .1983 standerd hours, or 40 contracts per 
day. Naturally, we type wore than one type of contract. 
actualiy, in this particular branch, we type seven cifferent 
types of contracts. 


WEXe Sialic, psacasc. 
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Here are the seven contracts that we type in this contract unit. As you note, 
we have set standards for each one of these different type contracts. However, 
in order to pyramid this, we have to take a frequency study, and I would like 
to point out at this time that we have to utilize this technique considerably. 
However, we have gone through a great deal of effort and pain to insure that 
our frequency percentages are statistically significant. 


In seven contracts, with these standards, we have these frequencies. Taking 
the standards times the frequency we then determine the weighted average-- 
1983, or 40 contracts per day, which is the requirement for typing. 


Let us go into this ship stores' contract, a special type contract, and see 
how we developed this standard of-.19473. We have found, and this is true in 
most of our clerical areas, that our productive work falls into two categories: 
productive measured and productive non-measured. 


The productive measured work is work that we can actually measure, utilizing 
our techniques. We classify as productive non-measured work tasks due to 
their variedness, and their unpredictableness, they are not profitable to 
measure. Therefore, on that type of work we use our ratio delay technique. 


Let us look at our productive measured work. First, we set up our productive 
measured work in a formula, set up time, which is a constant. This is similar 
to the production terminology of "make-ready". The employee gets her documents 
together, obtains her carbon together, inserts it in a typewriter and actually 
finishes her typing, then takes it out of the typewriter, removes the carbons 
and lays it aside. This is a constant for this type of contract. 


The next element in our formula is a typing constant. What we classify as a 
typing constant is the typing that the employee performs in filling in the 
blocks which are on the contract. These blocks include such things as 
contract number, employee's initials, contract name, appropriation number, 
contractor's name, and items such as that. She fills in specific blocks and 
there is no variableness and that is what we call a typing constant. 


The next item in our formula is typing formula for line item or items. 
Actually we order more than one item on each contract, and the more items 
per contract the longer it naturally will take. Therefore, that was our 
first variable: typing variable for line items. 


By the way, the values here are stated in TMU's and those of you will 
know who are familiar with MIM thet a TMU is a time measured unit. 


Each TMU is equivalent to 1/100 thousandth of an hour. Therefore, a 
decimal point over here would give you the time in standard hours. 


The next variable is the continuation sheet. Naturally, each sheet 
can only have so many line items. As you go into more items, you 
need a continuation sheet. That is a variable. 


A formula for typing a ship stores contract in this area is our set-up 
time, our typing constant for the heading, tke typing variable for the 
line item, times the number of line items, plus our typing variable for 
the continuation sheet, times the number of continuation sheets. 


In this particular type of contract, we found that there were four 
line items of the contract and no continuation sheet. Now, the total 
of all those values gave us 11,441 TMU, that is what we call productive 


measured time. But we still have to give our employee time due to productive 
non-measured time. 


To accomplish that, we then utilized ratio delay studies. As you all know 
in ratio delay studies the most significant point is to insure that the 
number of observations you take are statistically significant. We 

have in all areas insured that. 


The type of things that we feel are not profitable to measure, are 
elements such as distribution, filing, correcting errors in the contract, 
official talking, and official walking. 


To determine the total productive time, measured and non-measured, we 
took these percentages times the productive measured time and came up 
with this value: 16932 TMU or .169 standard hours. 


In this particular area we have established that we will grant our 
employees a 15 percent allowance. Fifteen percent times this figure 
here gives us the total TMU allowed: 19472 or standard hours allowed 
equals .19473 to type a ship stores contract. 


The scope of the standards is always included in all our documentation 
to prevent future problems. 


Now, I would like to go into how we obtained our typing time and our 
set-up time. 
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First, you will notice our set-up time was 170] TMU. Then we 
have a typing formula again, which is the same as I mentioned 
previously, constant, variable line item and variable continu- 
ation sheets. 


Let us follow throuch now and see. how we obtain the 1701 TMU 
for set-up times. 


Next slide, please. 


This is our operations summary for make ready. In order to 
determine the time for this operation, we broke down the 
operation into elements. There were 24 elements in this 
make-ready or set-up lor typing. FCach elenent has an analysis 
chart reference, which is our own local reference number, and 
an element time. 


I might add that when you see SD that is an element that we 
have established standard data for and we can pick out these 
elements from our standard data. 


Let us follow through these elements. Element 4, Fold over 
top sheet of requisition, CU-1¢. Clement time 71.2. Just 

to give you an idea of how detailed this study is, 71.2 TMU's 
is approximately equal to two seconds. 


Next slide. 


Here is CU-16: Fold over top sheet of requisition. This 71.2 
was establishedc by inethods time measurement. The basic motion 
pattern for this eclenent is as follows: reach to hottom of 
turned sheet, turn over top sheet, release shects. The total 
oi all the elements was equal to 1701. That is how we estab- 
lished our set-up tine. 


Next slide. 


To get our typing time, we utilized methods time measurement 
again. Here we set up every clement in typing and actually 
weasured them by methods tine measurement, and by “element” 

I wean press tab key, type capital letters, type small letters-- 
every eleient we observe that an operator utilizes in typing. 


Here is an example oi one element: Shift space with tab key, 
the first tine. The notion pattern for this is as follows: 
reach totab. key, press key, machine time, release tab key, 

an@ reach to home keys -- 16 TiU or approximately 1/2 a seconc. 
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element on employee utiliz in typing was neasurec by 
this techn.que. Then all. this i was documented on a 
typing summary sheet. The typing summary sheet here |! 


has all 
elements that were involved in typing & ship stores contract. 


On this line here we actually heve the elements that the 
enployee had to utilize in typin ig. For example, the first 
thing she does in typing a contract is she puts her initials 
on the left hand corner and order nunber. To do that she hés 
to use one of these elements, tivo of these, six of these; to 
type lower case elements, two of these, and then every element 
in typing @ contract is then sumed up and have been called 
frequencies here and then the total, 5973 Th for typing up to 
this point. 


However, in typing contracts, we notice that every once in a 
while there has to he a note to the contractor, giving contract 
specifications regarding a partieubar point: In order to 
determine that, first we went through the same procedure to 
determine the note to the contract. It came out that was 1,096 
TMU's to type the note on the contract. 


sige that was not cone on every contract; it was only done 
on 27.2 percent of the contracts. Therefore, taking 27.2 of 
this "sales we get 298 and, in order to determine the typing 

constant, we take 5,973 plus 29%, which gives us the typing 


consteéent. 


To determine the time to type line items, we utilized the sane 
procedure here én 12 totaled up the nunber of items involved, 
subtotaled it, and got the time Lo type variec line items -- 
O56.7 


he procedure we utiiized 


a L 

see ache tha vhen we ent ere 

Va a 


in procurement. I would 
he procurement branch the 
s about GO percent of ive. That is all the man- 
hours were utilizing, conp to the manhours acdinst 
standards was only 60 percent f{fective. At this time they 


are close to 100 percent effective in this particular depot. 


t example I would like to show you is how we set 
ds in one grea of the electric accounting machine roon. 


fere there are three major areas in the electric accounting 
méechine room: Pirsty ihe clerical area; second, the key 
panes and key verify arca; and third, the tabulate. This 
is the final resuli. 


st tandards in the key punch area of the 


electric accountin: hiné roon. 


tle 


Let us see how we set 


17-8 


The nex 

stander 


The first thing we did was similar to what we did in typing. 
We established the set-up time. Because of the nature of the 


problem we decided we woulc establish a set-up time per card 
hasis, 26.0. 


The next variable we noticed in the key punch area was the time 
it actually took the operator to key punch. It depended on the 
condition of the source document. S30 we set up criteria as to 
wheat do we mean by different types of source documents. A good 
source document was @ cocument where the items to be punched on 
the cocunent were in the same order as the key punch needed 
them to be, plus it was a legible condition. fair condition of 
document was where it was the same order as it must be punched 
but poor legibility. Poor was data on the source docunent 

was complex order and poor legibility. 


Je then classified every type document that was routed to our 
key punch room. By that I do not mean that we had to take 
every requisition that came in and determine whether it fell 
into one of these three categories; but a requisition was 
always good because a requisition came in in the proper order 
and was always typed. Changing stock numbers was always fair 
ior the reasons as described here, 


Then, we cetermined how long it takes to key punch a card 


where the source cocument was good, fair or poor, and these 
are the values we established for that. 


In addition to the key punch operation, there is & euplicating 
operation in the key punch area. This was established hy a 
time study, and it is 2,2 TMU. 


Another variable in the key punch was that you had an error 
time velue, and there were two different correction methods, 
These two values are in TMU*s and were established by measured 
Lime measurements. 


Ve then put all this information into a formula, and there is 
our formula: set up tor card, plus allow per column key 
punched, times number of columns key punched, plus allowance 
for column duplicated, times number of colunns duplicated, 
times card voliume. 


It soumds like a lot of work, but it really isn't that 
difficult, because every job we have, for example, changing 
stock numbers, we establish what the standards for that job is 
and the only varichle is to Cetermine how many cards are 
involved and in that way we can easily determine standards 

for any particular job that goes into the key punch area, 


— 


What have our results been to dute? 


Ve have set standards proiitably, anc I emphasize the word 
"orofitably™, in the -ollowing areas: paperwork, typing, 
electric accounting machines, warchousing, public works 


maintenance, traiiic management and pay disbursing 


And the reason I emphasizec the word “prolfitably" is because 
in all these areas the cost for setting the standerdcs was more 
than returned in the benefits we have cerivec. 


Generally, our employees are meeting our standards in these 
areas. Group periormance in all the areas we have been to 
Cate have levelec oif to about 90 percent of standards. 

i would like to point out here that we co not use é wage 
incentive program at all except we utilize our award incentive; 
anc therefore, we feel that 90 percent is a cood figure. 

To date we have had no sericus personnel problem. 


Vas it profitable? 


On this slide we have téken one depot where we have set such 
standards, We have actually eccunulated costs, and this is 
all the costs. We utilized a management consultant, namely 
the Methods Engineering Counsel of Piitshurgh, and, as you all 


know, they are rather costly. Inclué€ing that, plus all the 
employees involved in this progran, we have just about reached 

a break-even point at this particular cepot, anc we feel that 
further proiit irom this program will be generated at this level. 


also utilizec this technique for comparing oifice 
we are Celuged in the Bureau of Supplies and 

secount by saélesimen who héve all kinds of office equipuent 

ich they claim will save us nunerous menhours, and in mény 
aot we buy this equipment, not necessarily that the nanhours 
are saved, They are eye-catching types of equipment and someone 
thinks that it will save us anhours and we thereby purchase it. 
Recently a well known file producer approached us with a new 
type file. It was definitely eye-catching anc he promisec many 
ianhours saved hy the utilization of this file. Our ETS analyst 
compared the manhours involved in the proposed filing systen 
with the manhours utilizec in our present filing system, ane it 
was substantiated that the manhours saved by the proposed filing 
system was neught. There were no manhours saved. Our ETS 
analyst recommended that the filing equipment be not purchased 
and it was not purchased. 


— 


C2 


Recently, as most agencies in the Department of Defense, we 
had to undergo the very lengthy job of converting all of the 
Navy stock numbers into the Federal stock numbers, This was 
quite a task, All bin stock numbers had to be changed, all the 


stock records had to be changed, and all the paper documents in 
the system had to be changed. 


When this work was presented to us, most activities were requested 
to determine how much it was going to cost them to make this 
change, and most activities presented a figure; but, in most 
cases, it was just a good intuitive guess. . 


In the areas where we had engineered time standards, we actually 
pre-planned the entire conversion job. Detailed procurement 
punch standards were set. Every basic motion was detailed. The 
cost for making the Conversion was then estimated. And in this 


particular area the cost was within 2 percent of the actual cost 
to make the conversion. 


We set standards in the traffic management area. In this area 

we even entered with trepidation. Here was an area where traffic 
managers take bills of lading and rate them. They rate them 
according to the type of material being shipped and destinations. 
What makes this rating so difficult is that traffic managers from 
their years of experience retain a certain amount of knowledge and 
can look at certain bills of ladings and know immediately what 

the rates should be. In other cases, they have to refer to 
reference books. If they do not find them in one set of reference 
books, they go to another set, and they continue until they find 
the information they need to rate the bills of lading. Rating is 
a very important part of this bill of lading process, in that it 
determines how much the contractor is going to receive for 
shipping the material. 


We set standards in this area and they worked most effectively. 
Originally the effectiveness of the traffic management branch 
was about 60 percent. They are now operating at about 95 
percent, and the savings we have derived in this area have more 
than offset the cost. 


Before I completely lead you astray, let me say one thing: 
everything I have told you to date is the rosey picture of 
setting standards in overhead operations. 


There have been a hell of a lot of problems. One major problem 
is always complete support, and that is one basic need for a 
program like this. Where this program is being installed, you 
must have the support of management. 


In sunuaary we feel that we have set attainable standards 
profitably in areas normally excludec from a tine standards 
progres. We have set these stancards utilizing career 


government employees. 


Ve have, we feel, in engineered time standards a management 
tool, not a panacea, not God's answer to an engineer's drean, 
but & tool which will assist us, in a small way, in ful- 


t @ minimum cost to you, the taxpcyer. 


Thank you. 


filling our basic missicn, which is complete locistic support . 
ond 
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PPQUISITION & ORDER S*CTION 
CONTRACT UNIT 
N1,0S - SHIP STORFS CONTRACT (DD738) 


ANALYSIS OF STANDAHD 


FORMULA: 

(A) Set up time (constant) 1701 

Typing constant etce) 6272 

C) Typing variable (line item) 867 

(D) Typing variable (continuation sheet) 1197 

(K) Number of line items l, (at NSD Bayonne) 
(N) Number of continuation sheets 0 


VARIABLE RELATIONSHIP 
K ~ Number of Line Items N= Number of Continuation Sheetif 


1-4, 0 
5 025 
&=20 1.00 
21-10 2200 
11-60 3200 
61-80 4.00 
81-100 200 


MEASURED TIME = A + B + CK + DN 
= 1701 + 6272 + 867 (4) + 1197 (0) 
= 7973 + 3468 


(CONTINUED) 


ANALYSIS OF STANDARD (CONTINUED) 


TM's 
MEASURED TIME 
Ratio Delay Allowarce 
Productive Non-lMeasured 
Distribution 
Filine 
Correct errors Col 
Orficial talking 8.1% 
Official walking 
Personal Allowance 15 & 253909 
Total TMU's Allowed 194,72 of 


Standard Hours Allowed = 
SCOPE OF STANDARD 


Includes all work necessary to type a Ship Stores Contract Orc 
Also included in the standard are allowances for the following: (1) 
Distribution (2) Filing (3) Correcting Errors. It was fourrl 
analyst that the Line Item variable did play a sicnil ifieant role, in 
the actual typing requirede The rumber of Iine Items involved wil? 
determine the number of Continuation Sheets ecssearyy THis Factor 
was considerec and included by the analyst in the Stamieard. The star 
dard was based on an average number of Line Items Per Document (1.0). 
Provisions have been made to adjust the standard if the average Line 
Items Per Document changese See Tablo for detailed breakdown by Lir 
Iteme 


REQYULSITION & ORDER SECTION 
CONTRACT UNIT 
N140S-SUIPS STORES CONTHACT 


(A) SET UP TIME = 1701 TMU 
REFERENCE: Operation Summary-7 


(B) TYPING FORMULA = CONSTANT? VARIABLE (LINE ITEM) * VARIABLE 
(CONTINUATION SHEETS) 


CONSTANT TYPE FREQUENCY LEVELED 
All information 9973.8 100% 8973.6 


excluding note to 
Contractor & Line 


ltem 
Note to Contractor 1096.3 27.2% 298.2 
6 e 
MU: 6272 


REFERENCE: Typing summary 
VARIABLE (Line [ten) * 


MUS 07 
REFERENCE: Typing Summary-le 
VARIABLE (Continuation Sheet) * Set up time+type heading 
# 436.6 740.6 
= 1197.2 


TMU: 1197 
REFERENCE: Operation Summary-6 & Typing Summary-15 
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DATE STUDY NO. 


EGAN TATION 
NT SRANCH CONT? RACT "INIT 
AT SHTET ~ or UTS 
CONTPACT ORDER 
NO» ANALYSTS ENCES LEVEN 
DESCHIPEION (CHART TIME PIRCF TOF, 
T™U OF CYCLE 
SUPPLIES INFO TO 
TYPED i 
tain folver from baskat SD} tet 1 
Open close folder CUeL iy 
Ue? 
“Tl, over top steet of requisitiomuelc wary 
Cf * lar asiis record pad Joo} Cl eV 
Move requisition near typewriter jolie 
Tron Tesk 
Wore form to typewriter (turn 6 
Insert, form into typewriter eS 
Straighten line up paper 1 
type = Took T Teo. 
Position shoots hold down 40S 
clasp 
Position carriaye to exact line % 7 
BPACB 
Tat 
17 “enove ‘orm tron typewriter Cer 
place on desk 
Attach with clipe Wels T 
Tay asice Polder 4 j 
TOTAL TIE ALLOWED FOR 1700. q 


| 


METH@)S ANALYSIS CHART 


DATS. No. 
PROCUKEM"=NT BRANCH 
CU\15 (CONTINUED ) 
Turn sheet over 2 M10B 
Release sheets 2 4.0 
29.2 86ST 2 for next order # 
CU=16 FOLD OVER TOP SHEET 
OF REQUISITION 
Reach to top sheet R6B 86 
Grasp GIB 
Turn top sheet MILB 1.65 REE Move hand in position 
Release top sheet RLL 2-9 
Reach to bottom of turned R6B 10.e1 R8B Reach to turned sheet 
sheet 
Contact sheet GS + GS Contact sheet 
Crease sheet 3 MyC 2109 MYC 3 # £Crease sheet 
Release sheet RI2 - RL2 Release sheet 
Return hand to rest RLOE 10.5 RILOE Return hand to rest 
CUe-17 FILL OUT PRODUCTION 
REQUEST FORM 
32h WB 18 Codes from & to3 phon 
| date (2) 
Lo WB 4 4 slants 
35 WB 3 3M1C #1 PISE (3 chee 
Lh \ 2 Write capitals (2 let 
128 WB 8 write small letters 
Sl W3C 9 Move pencil on forn 
622 


ks 


hone 


METHOUS ANALYSIS CHART 


ORGANTZATION DATE 
PROCUREMENT BRANCH 
SUB/UIVISION  - ANALYST SHEET NO, OF 
DESCRIPTION= HAND TM TR 
‘Press tab key 1.7 
‘Machine process time 6,0 

SHIFT SPACE WITH 
TAB _KEY = 
each to tab key 9.6 
iPress Key 1.7 jM1A 
Machine process time 9.0 
telease tab key - (jRL2 
‘teach to home keys =_ 
fre-3 
TYPE LOWER CASE 
LETTER, SYMBOL OX, | 
SPALE_ 

iteach to key 2.0 
Move key down , 
aise Linger 
jLose contact RL2 


*Linited out by next Linger 


‘reach 
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RIGHT HAND 

| 

| 
on 
at 

| 


‘TYPING SUMMARY 


(340-1 STUDY NO. is 
‘ORGANIZATION | SUR/DIVISION ANALYST 

| PROCUREMENT BRANCH! CONTRACT UNIT 

TYP! DOCU ENT N OF SHF? 
NUOseSHIP STORES 0D738 


“INITIALS & ONDER | 
“NUNEER OF SHEETS “Ya 21a 
DATE OF ORDER We 
“REQ # & DEL DATE 2 21; 1 ‘ill 
“DISCOUNT TEHMS 5 2/1 | | 
SUPPLIER 119! 3 60 
SHIP TO | 1 15 20 5 
MAIL TO & DEST 15 | 5| 7 30 7 [305 
_ TYPE ORDER 6) 26 6 
QUANTITY & CONTENTS 2 21 211 
| SIGNATURE 6 | 28 
CLASS & PRIORITY 2 & | 2 
SCHEDULE 2h 19 4h | 2 
_COBT & APPROPRIAT. 2) 3) 27; 3 8 
DISTRIBUTION s| 3) 5 15} 115 | 10| 5 
‘hee _| 25! 2 6 1/5 
TOTALS 15205) BOLO 59734 
4; 3 145| 23 
NOTE] TO C 2960 
ITEM 1 1 | bes 20 52 
SUB TOTATS 3005 | | 160) 292 | 8105 
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i KEY PUNCH & KEY VERIFY ‘Lh VALUES 
TIME VALUE PER CAI JLUMN | CONVITION OF 
EY PUNCHEV WUPLICATED | HOU UMENT 


POC 


r 

‘ 

‘ 

De temake error cali 

insert new cared 

| proper place in lot. 

- 

PUNCH FORMULA: Set-up per card 4 (Allowance Per 

Key Punched X Number of Columns Key Punciec) 

Column vuplicated X Number oi Columns Juplicats: ‘ 
Volume 

KEY VERIFY FORMULA: Set-up per card+¢ (Allowance pe: 


Veriiied X Number oi Colunms Key Veriiied) Ca 


lPer Column Duplicated X Number oi Columns 


Volume (Error Allowance per error card X 
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2.0 } 9,1 | 2.2 
| 20.0 | 12.0 2.2 3 | 
TIME VALUE 
PEL CARD CORRECTION 
z= 
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ILLUSTRATIONS OF LINEAR PROGRAMMING# 


He. Kuhn 
Associate Professor of Mathematics 
Bryn Mawr College 


Linear Programming can be defined as a mathematical thecry designed to 
select an allocation of limited resources that fulfills the requirements 
of various activities so as to yield the best returns. Although this 
definition is so vague as to be almost useless, it does render plausible 
the assertion that the linear programming model has found application in 
many industrial situations by flexible, and sometimes quite ingenious, 
interpretations of the meanings of resources, requirements, activities, 
and returns. What the definition does not delineate satisfactorily are 
those mathematical aspects of linear programming that are the source of 
the success of the theory in providing numerical answers to practical 
problems. It is the purpose of this paper to illustrate some of the 
mathematical features of the theory that set it apart from more general 
areas of optimization. This will be done by means of examples in minia~ 
ture chosen from several important fields of application. Preaching by 
example as it were, the mode of presentation is informal; for the reader 
who may want more detailed information, some historical remarks and 
precise references are given at the end of the paper. 


The first example will be familiar to anyone who has been exposed to a 
standard textbook treatment of the differential calculus. It is put 
forward as an illustration of what linear programming is note 


EXAMPLE 1. From a square sheet of tin of side 10", we can make an open 
box by cutting four equal squares out of the corners and turning up the 
sides. Find the dimensions of the box of greatest volume. (See Figure 
1 attached). 


This problem has all of the features of the verbal definition of linear 
programming given above. The limited resource is the amount of tin 
available. If the common length of the sides of the squares to be cut 
from the corners is denoted by x, we have the constraints: 


The returns from the activity of making the box are measured by the volume 
V of the resulting box. It is clear from Figure 1 that V = x(10 = 2x)*, 
A careful treatment of this problem by the methods of galculus might be 
given along the following lines: Since V = x(10 - 2x)* is defined and 
continuous at each point of the finite closed interval 0 =x =5 , there 
is certainly an absolute maximum at some point of the interval. The 


#The preparation of this paper was supported, in part, by the Office of 
Naval Research Logistics Project, Department of Mathematics, Princeton 
University. 
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1 
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maximum may occur at some point interior to the interval, or at either 

one of the end-points. If the former is the case, dV/dx = 0 at the 

point. ‘hus, the search of the absolute maximum can be made by examining 
the values of V at those points for which dV/dx = 0 and comparing these 
with the values of V at the ends of the interval. Since this problem is 
typical of the "practical" problems encountered ir calculus textbooks, 

one can easily see that the required maximum do.-s nm. occur at an endpoint, 
that the maximum value of V is 2000/27, and is attained at x = 5/3, the 
unique interior point for which dV/dx = C. 


This example differs from the typical linear program inthree important 
respects? 


1. The objective function of a linear program is linear (contrasted 
with V = x(10°= 2x)2 , which is non-linear). 


2. Generally, a linear program is a problem in many variables 
(contrasted with the single variable x ). 


3. Typically, the variables of a linear program are subject to 
general linear constraints relating several variables (contrasted with 
the simple Limitations on the size of x: 0 x#@5 ). 


To examine the consequences of these characteristic features, suppose 
first that the returns from making the box were measured not by V, but 
by some linear function of x , say 


z = 10x + 30. 


In this case, it is certain that the maximum will occur at one of the 
end~points (see Figure 2 to compare the graphs), and no calculus is 
needed for the solution. The search for a maximum is made by examining 
the values of z at the ends of the interval. (See Figure 2 attached). 


The conclusion is forced upon us that linear programs are a rather 
special category within the wide class of extremal problems. They are 
recognized by the prominent appearance of linearity, both in objective 

_ function and constraints. Ordinarily, this suggests a first approxi- 
mation in the solution of a physical problem; however, this is only 
partially true here since there are several functions (such as costs 

and profits) that are exactly linear in static economic models. The 
linearity of the objective function implies that its extreme values are 
to be found on the boundary of the region of admissible values of the 
variables (i.e., the region where the limitations and requirements are 
met). The linearity of the constraints gives this region a particularly 
simple geometric character (we shall see that it is always a convex 
polyhedron). However, an example in one variable cannot illustrate this 
feature adequately; it will only become apparent when more variables 

are added to make a more realistic example. 
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EXAMPLE 2. (A Transportation Problem) A manufacturer has two warehouses, 
with 90 tons of a product in the first and 70 tons in the seconde He must 
supply three markets, with 50 tons required at the first, 70 tons required 
at the second, and 0 tons at the third. Transportation is available from 
either warehouse to any marked but the transportation costs vary. From the 
first warehouse, the costs are $7 per ton to the first market, $5 per ton 
to the second market, and $8 per ton to the third market. From the second 
warehouse the costs are $2 per ton to the first market, $3 per ton to the 
second market, and $ per ton to the third market. The problem is to 
carry out the distribution at a minimum transportation cost. (These data 
are presented in Figure 3). (See Figure 3 attached). 


The unknowns in this problem are the amounts to be shipped from each 
warehouse to each market. Therefore, it is natural to use a double 
subscript, as shown in Table l. 


M1 M3 


Requirements 


Table 1 


In this table, denotes the amount shipped from warehouse i (Wi) to 
market j (M5) e These unknowns are constrained by the linear equations: 


* X12 * X13 = 90 


x21 + X22 + X23 = 70 


(ieeo, the total amount supplies from each warehouse equals the amount 
available there), and 


X]] + = 50 
*12 * X22 = 70 
X13 + X23 = 


18-3 


W1 X11 x12 x 13 90 
Supplies 
we X91 x20 X23 70 
| 50 70 
| 


(ices, the total amount supplied to each market equals the amount 
required there), and 


X55 20, forri=1,2, and j = 1,2,3, 
(ie@oy Only non-negative amounts can be shipped). 


The function to be minimized is the linear form expressing the transpor= 
tation costs: 


+ + Bx, + 2x5) + + 


This linear program, although it is stated in terms of six unknowns; 
can be reduced by an algebraic device to a problem in two variables 
for graphical treatment. To see this, let x = x}; and y = X12 and us¢ 
four of the warehouse and market equations to express the remaining 
unknowns in terms of x and ye Precisely: 


° 
Xo, = 50-x 


X23 70 = X07 =x 50. 


In addition, the inequalities X45 2 O yield six inequality constraints 
onx amd ye Precisely: 


40— 

X21 £0 —? 

x22 #0 

X53 -50+x+y%0. 
The region of the x = y plane defined by these inequalities is shaded 
in Figure he The only shipments that satisfy the requirements of the 


problem are defined by points (x,y) of this region by setting x,1 = x, 
X19 = y and using equations (*) above to find the other unknownsSe 


(See Figure attached). 


| 


The object of the program is to minimize the shipping costs 2. 
If the cost is expressed in terms of x and y , we obtains 


z= 7x + Sy + 8(90 =x ~ y) + 2(50 - x) + 3(70 = y) + l(xey = 50) 


or 
2y + 830. 


Since this is a linear function of x and y, the minimum value must occur 
at one of the "corner-points" of the region shaded in Figure h. Actually, 
the shading has been drawn along contour lines of the function (ice@o, 
lines of equal cost) spaced in units of ten and decreasing from A to Eo 
In Figure 5, the portion of the plane surface z = x = 2y + 830 above the 
region of admissible x and y has been graphede The shading follows 

lines of equal cost and the corner points on the surface are labeled 

with the corresponding transportation costse From either figure, it is 
clear that the mimimum cost is achieved at the corner-point E (x = 0, 

y = 70) and is z = 690. (See Figure 5 attached). 


Although our success in giving a complete solution to this program by 
graphical methods is something of an accident, Example 2 illustrates 

a universal feature of linear programs: The region of admissible values 

of the variables is always a closed convex polyhedron, i-e., a closed 
region in space with flat boundaries that contains any line segment joining 
two points in the region. With one variable, a closed convex polyhedron 

is simply a closed interval. The shaded region of Figure ) is a typical 
bounded polyhedron in two variables. The first shaded region of Figure 


6 is an unbounded convex polyhedron, the second region is a polyhedron 
but is not convex since not all of the line segment joining P to Q is in 
the sete (See Figure 6 attached). 


The second universal fact about linear programs illustrated by Example 
2 is that the solutions, if any, are always to be found at corner= 
points of the admissible region. Thus, in theory, any linear program 
could be solved by listing the corner-points and calculating the values 
of the objective function at these points only. The obstacles to this 
procedure as a practical method should be clear. When the number of 
variables becomes realistic, the number of corner-points becomes unmana= 
geable (this will be evident in Example 6). Each computation of a 
corner=point requires the solution of a system of linear equations and, 
in the absence of special information, it is not even clear which 
equations should be solved. (Thus, in Figure h, every corner-point 

is the solution of two equations in two unknowns. The corner=-point D 
is the solution of x+ye9@ggye7C but it would be tedious to exclude the 
points obtained from such pairs as x + y = 50, y = 70 without the graph 
to guide us). Inspite of the pessimistic tone of these remarks, the 
most successful computational routines operate by computing a sequence 
of corner-points so as to improve the value of the objective function 
at each step. To see such a procedure in operation, we will solve 
Example 2 againe 
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The solution is begun with a corner=point obtained by the following 
“cemmon-sence® rule: Ship as much as you can at the least transportation 
cost, then at the next higher cost, and so on until all requirements are 
mete Listing the unknowns in the order that they are determined by this 
rule, this yields: 


Xo = 50 5 X22 = 20 5 X93 = 0, x2 = 50, x11 = 0, x13 = 40. 


that this is the corner-point C in Figure (x = X11 = O and 
= Xjo = 50) and that the transportation cost z = $730. 


To improve this distribution (without using the praphical information 
previously obtained), it is useful to gauge how close the trial comes 

to being a solution. This can be done by introducing “accounting 

prices" to measure the value of the product at the warehouses and mar= 
ketse These prices will be such that the change in value in transferring 
a given quantity from warehouse to market will be no greater than the 
transportation coste The economic rationale of this restriction should 
be clear; if accounting prices are set in this manner, the actual ship= 
ping costs of any distribution will be not less than the change in the 
accounting value of the inventory, or as we shall call it, the accounti 
cost of transportatione This fundamental property is pictured In Figure 
7 (at this point, it is in question whether accounting costs and shipping 
‘costs are ever equal): (See Figure 7 attached). 


Thus, if we are trying to obtain an estimate of the efficiency of a 
trial distribution, a lower bound is furnished by any accounting coste 
To make this estimate as good as possible, accounting prices should be 
‘chosen so as to make the accounting cost of transportation as high as 
possible. In common-sense terms, the change in inventory value should 
be as close as to actual amount paid out for transportation as possibleo 


let the accounting prices be denoted by Wy» Wo and my Mp m3 at 
the warehouses and markets, respectively. Then the decoulinite cost is 


= 50m + + ~ 90m, , 


Initial accounting prices can be set by the following rule: Choose the 
warehouse that would have the highest total transportation cost if the 
whole requirement could be shipped from there. Set the accounting price 
at that warehouse at zero and the accounting prices at the markets equal 
to the transportation costs from that warehouse. Prices at the other 
warehouses are then set as low as possible. For the example, this yields: 


and a = $670 as accounting cost. We now know that the shipping costs 
cannot be brought below $670. How can the gap between $670 ami $730 
be closed? The difference is due entirely to the one shipment of 20 


tons from W2 to M2. Here 20 tons are being shipped at $3 cost but with 
no change in accounting coste It is reasonable to try to repair this by 
adjusting the accounting price at M2. If an increase of $1 is tried, 

it forces the following adjustmentse 


m=5¢1, =O0+1, my = 841, m =7, Wo = 


This is the largest shift of this type since any further increase is 
blocked by the requirement that the change in value fro, W2 tc 1D be not 
greater than $ per ton. The new accounting cost is a = $690. There is 
no obvious way to improve this; the difficulty is still in the same 
shipment but accounting prices cannot be further altered without involving 
a chain of forced adjustments that will decrease the accounting costo 


However, there is another way to close the gap between accounting cost 
and shipping coste This is to switch the 20 ton shipment from We = M2 
to W2 = M3e This forces the following adjustments (which are related to 
the chain that established the impossibility of improving the present 
accounting prices): | 


= 20 = 203 = 50 + 20; = ~ 20, x03 = 0 420, = 0, x21 = 50. 


The shipping cost is now 2 = $690 and it is certain that this is the 
lowest possible because it is equal to the accounting cost of the dis=- 
tribution. 


While this example is far from being realistic, it does illustrate a 
point of general theory, the duality theorem of linear programming. 
Stated informally, it asserts > fer every problem of optimizing a 
linear function in non-negative variables subject to linear restrictions 
on the variables, there is a related problem, called the dual program. 
If the original program is a minimum problem, the dual program is a 
maximum programe The theorem states that the values of these dually 
related programs are equal, and the solution to one program can be 
checked by finding a solution to the other program that equates the 
values of the two objective functions. Applied to Example 2, a necessary 
and sufficient condition for an optimum distribution is that there be 
accounting prices which equalize accounting costs and shipping costs. 


The majority of practical applications of linear programming have been 
transportation problems in one form or another. This is somewhat 
remarkable, since the theory of the general transportation problem is as 
simple as Example 2. There are m sources, denoted by i = l,ocooym , and 
n destinations, denoted by j = l,eo.en,; and a homogeneous commodity to be 
transported from the sources to the destinations. Amounts r. are avail- 


able at the sources and amounts s. are required at the destinations, where 


m n 
* 


The cost of shipping a unit amount of the commodity from source i to 


destination j is Cije The problem is to find amounts x34 to ship from 
each source to each destination so as to minimize the total cost 


Cij x43 The unknowns X4j are restricted to be non-negative and must 
satisfy the balances equations: 


n 

Ai = (i ly 
and 

m 

(j = lreesn)e 


The dual program is exactly analogous to that used in the solution of 
Example 2. It asks for accounting prices at the sources (m,) and at the 
destinations (w5) such t hat 


and so as to maximize the accounting cost of the transportation, 


n 
jal J j sl ii 


The next three examples present three actual instances of applications of 
the transportation model; they are chosen both on the basis of their 
verisimilitude and by their ingenious interpretations of the modelo 


EXAMPLE Be (The Caterer Problem) In connection with meals that he has 
contracted to serve over a period of n days, a caterer knows that he 
will need r, clean napkins on the jth day, j = 1,2,ce00,;ne The initial 
supply of napkins is to be purchased for a cents per napkin. Dirty 
napkins can be laundered in p days for b cents each or, by a special 
laundry service, in q days for c cents each, where qep and b<aeao 
Arrange a schedule for the caterer that will meet the requirements and 
minimize the cost for the period of n dayse 


The Caterer Problem is a paraphrase of the practical military problem of 
scheduling the purchase and service of spare aircraft engines so as to 
maintain given operational levels of a fleet of airplanese As posed 
above, the problem has a direct interpretation as a Transportation 
Probleme The product to be distributed is napkins and the sources are 
the store and each day's supply of dirty napkins. The destinations are 
the days of the period and the final inventory of dirty napkinse To 
"ship" a clean napkin from the store to any day costs a cents; from the 
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store to the final inventory, the cost is infinite. The cost of shipping 
a napkin from the jth day's supply of dirty napkins to the kth day is b 
cents (when k-427p) or c cents (when q ©k- j ®p )3 this cost 
might be considered infinite when k - j@q- Finally, the cost of 
shipping a napkin from anyday's supply of dirty napkins to the final 
inventory is zeroe 


EXAMPLE )}. (Bid Evaluation for Contract Awards) Suppose that a govern- 
ment agency wishes to purchase a homogeneous commodity to be delivered 
in various amounts to a number of depots. A number of iianufacturers are 
willing to produce various amounts of this item, at stated prices per 
item at each of the depots. Award contracts so as to satify the require=- 


ments at the depots and the conditions of the bidders at a minimum total 
coste 


As stated, the problem is almost immediately a Transportation Probleme 
The sources are the bidders; the destinations are the depots. The 
“shipping costs" will include the cost of government furnished property, 
the stated price per unit less any discount the mamfacturer offers, 

plus the unit shipping cost from point to point. Notice that, in general, 
more of the commodity will be offered than is required. This excess can 
be accounted for by establishing a fictitious depot which absorbs the 
excess at zero cost from all bidders. This formulation is not realistic 
since it ignores actual conditions such as hinge bidding, multiprice lots 
from a single bidder, minimal acceptable quantities, scheduling, and other 
factors which may affect the answer significantly. However, it is the 
first step toward a complete statement of the problem. 


EXAMPLE 5. (Machine scheduling) A certain company uses several large 
manufacturing machines, each costing over one million dollars. Each 
machine operates continuously and carries out four operations in sequence. 
Each of the operations can be performed in three or four different ways. 
The machines operate on two kinds of raw materials, with twenty types of 
the first and forty types of the second raw material available. This 
large number of combinations makes nearly two and a half million products 
possible in this industry; of these, only about two thousand are now being 
produced. 


For reasons not connected with linear programming, the company believes 
that it is an optimal policy to schedule products in groups of one hundred. 
After a group of one hundred products, there is a general cleanup and a 
changeover to another group of one hundred products. 


Within the group of one hundred products, between fifty and sixty per 
cent of machine time is taken up by changing from one product to 
another. Money is lost in paying operating crews, on material that is 
lost in the adjustment of the machinery, and on material that is lost 
at the end of the run. The best present estimate of the losses due to 
changeover in this industry is about a quarter of a million dollars a 
year. Undoubtedly, a significant fraction of this loss is due to the 
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fact that the order of products within a group of one hundred is selected 
by the following fallacious rule-of-thumb: From each product, proceed to 
the product, as yet unproduced, with the smallest changeover costse 


However, this problem also fits the transportation model if it is thought 
of in the following manner: The sources are the products and a special 
"start" source; the destinations are the products and 2 special "finish" 
destinatione One unit (of the fictitious commodity "production" is 
available a each source and one unit is required at each destination. 

The costs are simply the changeover costse Again, this formulation of the 
problem ignores an essential feature; the final schedule must list all of 
the one hundred products in one sequence and "cycles" of fewer products 


are not acceptable. An adequate treatment of this problem is not available 
noWe 


The final illustration of this paper is relevant to the machine scheduling 
problem and will give some taste of the computational problems that are 
encountered. 


EXAMPLE 6. (A Personnel Assignment Problem) Ten men are available to 

fill ten jobs. In the matrix of Table 2, each of the ten rows represents 
aman, and each of the ten columns represents a job. The intersection of 
the ith row (Mi) and the jth column (Jj) is marked with a 1 if the 
ith man is qualified for the jth job; otherwise, it is left blank. Each 
man is to be given one job and each job is to be assigned to one mano 

The assignment is to be made so as to include the largest number of 
qualified assignmentse 


JOBS 
1415 161748 9 
1 il 1 1 1 
2 1 
3 1 
M 
1 
6 1 1 1 1 jl 
7 1 1 
8 1 1 
9 Hl 1 1 
10 1 1 


Table 2 
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This type of problem is easily recognized as a linear programe T see 
this, introduce 100 variables X45 to indicate the possible assignment of 


man i to job j , setting xij equal to 1 if the assignment is made, 
and O otherwise. The requirement that each man is to be given one job 
can then be written as 


10 

jel 

and since sach job is to be assigned to one man, 


10 


To express the qualifications of the men, intreduce a 10 by 10 matrix 
Q= where qij equals 1 if man i qualified for job j, and equals 
0 otherwise. (The matrix Q is shown in Table 1, if the blanks are 
filled with zeros.) Then the number of qualified men in an assignment 

is counted by 


1 


and it is this linear form that we wish to maximize. 


There are 3,628,800 ( = 10 8) possible ways to assign ten men to ten 
jobs. In the formulation above, each is represented by assigning a 
value of © or i to each x45 so as to satisfy (a) and (ee). If 

we allow the xj, to take on any values between O ami 1, but still 
restricted by the) and (##®); we obtain a convex polyhedron (of 81 = 
dimensions) with the 3,628,800 pessible assignments as "corner=-points". 
Since the maximum value of the linear form is certainly achieved on a 
"corner=point", this does not change the problem in any essential way 
and we have posed the problem as a linear programe 


However, let us ignore this formulation and attempt a solution by 
another “rule-of-thumb": Assign each man in turn to the first job 


for which he qualifies.and which is not already assigned. This yields 
the following assignment: 
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ML assigned to Jl 


M2 
gs 
Mh 
M6 gh 


Notice that M5 is not assigned by the rule since the only job for 
which he is qualified (J6) has been given to M2. For similar reasons, 
M9 and MLO are not assigned by the rule. For the purposes of the 
problem, it does not matter how these men are assigned among the three 
remaining jobs (J8, J9, and J10). The resulting assignment places 
seven qualified men in jobs. However, there is no assurance that it 
Is optimal since it is but one possibility out of 3,628,800. 


It is natural to try to improve the assignment by shifting men from 
job to job. For example, we can shift ML to J8, opening Jl for M9. 
If this is done, we have the new assignment of eight qualified men: 


Ml assigned to J8 


M2 
M3 tt 2 JS 
My J2 
M6. gh 


M7 tt " 33 
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This assignment has been recorded on Table 3 by circling the quali‘ied 
placementse 
JO8S 


1) 2: 3] 54 6] 7] @] 9 {10 


© 


205 


(2) 


1 1 


Table 3 


This improvement is encouraging, so it is reasonable to try another shifte 
Such a shift must originate with a man who is assigned to a job for which 


he is qualified, and moves him to a job for which he is qualified, but 


which is as yet unassigned. Thus the only possible shifts start with My 


or M6. They are enumerated in Table ) below. 


My shifts from J2 to J9 
Shift 1 


M6 " Jy (frees J8) 
shirt, 2 shifts from Jk to J9 (frees J8) 
MO je Ju 
0 
shifts from J, to Jl (trees 38) 
Table ) 


Thus, each of the possible shifts results merely in freeing a job (58) 
for which no unassigned man is qualified. The remarkable fact is that 
this impossibility of an improvement by means of shifting assignments 

provides us with a proof that ths last assignment was optimal. To see 
this, define a mobile man (relative to the given assignment) as any 
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assigned man who appears in one of the shifts enumerated above (thus, Ml, 
i, and M6 are mobile). Further, define a stable job (relative to the 
given assignment) as any assigned job that does not figure in one of the 
shifts enumerated above (thus, Jl, J3, J5, J6, and J7 are stable)e In 
Table 5, the rows of mobile men and the columns of stable jobs are shadede 
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Table 5 


There are eight such lines (rows or columns) and between them they 
contain alT of the 1's in the matrixe This proves that the last assign- 
nent of eight qualified men was optimal since any assignment of more 
qualified men would pick two 1's from a shaded row (one man assigned to 
two jobs) or two 1's from a shaded column (two men assigned to one job)e 


It should be clear that the Assignment Problem is but another Transporta- 
tion Problem and that the solution again illustrates the duality theoreme 
Details are left to the reader. 


HISTORICAL REMARKS. For a reader whowishes a more complete treatment 
of the mathematical theory of linear programming, References Ia» Fale 

» and /U7 may prove useful. They are arranged in increasing order of 
mathematical sophisticatione References /T/ and /27 are connected accounts 
and emphasize the computational algorithn kmown as the Simplex Method. 
References and /Ii7 are collections of basic research paperse A com 
Prehensive bibliography of over 250 items is contained in ° 


The algorithm used in this paper to solve the Transportation Problem 

is due to the LR. Ford, Jre and De R. Fulkerson e it is a general- 
ization of the author's Hungarian Method for the Assignment Problem /@/, 
which was used in the solution of Example 6. The Caterer's Problem was 
originally posed by W. W. Jacobs /77; a subsequent treatment appeared 
in e The suggestion that it can be interpreted as a Transportation 
Problem stems from William Prager /O7. The problem of bid evaluations 
is treated in /I07. The source of Example 5 is confidential due to the 
competitive nature of the industry. However, similer problems are 
treated by Flood in /TT7. 
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THE DEVELOPMENT OF MANAGEMENT CONTROLS 


Dr. Irwin P. Lazarus 
Acting Director 
Ordnance Management Engineering Training Program 


I imagine most of you are a part of largs organizations. 

I also represent a large organization, of about 130,000 
employees and ninety-five different plants. I am sure 

our top management has one problem in common with your 

top management. That is, a feeling of not truly under- 
standing how well we are progressing in all phases of 

the organization. To give top management the tools with 
which it constantly can feel the pguise of overall operations 
is the responsibility of the Industrial Engineer. We call 
these tools "management contro -s” and I should like to 


describe how we developed a set of them for our particular 
situation. 


Sometime ago the Deputy Chief of Ordnance (Maj. Gen. E. S. 
Gruver, A-US, Ret.) requested that our organization develop 
a system of management controls to give him greater insight 
into the operations of each of the Ordnance installations 

in the Commodity Command and Arsenal system. As a central 
consulting and training group to Defense Department agencies 
the Ordnance Management Engineering Training Program has 
often been asked to perform such tasks. He wanted to be 

able to tell, at a glance, which installations were performing 
in a superior manner and which were deficient in certain 
areas of operating management. He wanted a system which 
would not be merely a historical record, but one which could 
predict trends and indicate future trouble far in advance 

of occurence. The system was also required to indicate out- 
of-control situations and even to predict such out-of-control 
happenings. In all cases, the control limits were to be 
used as action lines or the point at which top management 
must rectify an abnormal situation. 


As can be seen on slide #1, it is felt that any system of 
management controls must cover the- following four areas: 


1. Manpower 

2. Funds 

3. Workload and End Item 
4. Performance 


In our particular case all reporting channels were keyed 
to the Primary Programs of the Army in order to make this 


system compatable with the over-riding reporting system. 
Number 3, the production area was ‘diiged into workload and 
end item to reflect the productive effort in both government 
and contractor plants. Workload was defined as all man 
hours in government operated plants, whereas end item was 
called the sum total of production in both government and 
contractor operated plants. The types of charts that 


illustrate each of the control areas are listed in the body 
of slide #1. 


Iead Time Charting: 


Let us first look at the control technique used to measure 
production effectiveness. The technique has been called 

the line of balance chart, but we call it simply Lead-Time 
Charting since it is so dependent upon production lead times 
for its development. This approach has already been used at 
Good Year Tire and Rubber, General Electric, American Machine 
and Foundry, the Navy, Army and many other private and 
government organizations. 


Lead-Time Charting is applicable in any production situation 
where there is an interrelationship time-wise between 
assembled components that go into the finished product. 


An example of Lead-Time Charting appears in slide #2 and 
it can be seen that the chart is made up of three parts: 


1. A history of lead times appear at the bottom of 
the chart. 


2. The production schedule at the upper left of the 
chart. 


3. The major control chart consisting of the line of 
balance with actual production on top of it, plotted in the 
upper right hand corner of the chart. 


To build such a chart we must know what components are 
needed and how many months prior to assembly they must be 
in the plant ready for processing. On the example chart 
we can see that forgings, castings, and extrusions must 

be in the plant five months prior to acceptance. This is 
denoted by the #1 on the Lead-Time Chart. Item #2, a | 
certain class of raw materials, must be in the plant three 
and one half months prior to acceptance. And in this 
fashion, lead times for all components are: charted. 
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In the upper left hand corner, the production schedule is 
graphed. The production schedule consists of simply the 
number of completed guns expected by the end of each month. 
This graph is drawn cumulatively and rises to nearly 450 
guns in the total production schedule. 


The first two charts are used together to draw the third 
chart (at the upper right hand corner.) Let us assume that 
the lst of March is "Today" and we wish to know how many of 
each component we should have available in order to complete 
the total 450 gun schedule. We can determine this for each 
component in the following manner: 


For item #1, the forgings, we see from our Lead-Time 
Chart that five months are required. By starting from 
1 March and moving across five months to 1 August and then 
moving vertically up to the production schedule we see 
that it strikes the schedule at 320 forgings. For item #2, 
a category of raw material we see from the bottom chart 
that a three and a half months lead-time is required. 
Moving from the "Today" line of 1 March three and a half 
months to the right brings us to the middle of June and by 
moving vertically up to the schedule line from this point, 
it is apparent that approximately 165 of these components 
are necessary. In this way the number of components needed 
for each category of material is determined and n'otted 
on the upper right-hand chart as a horizontal line-above 
the item number. All of these horizontal lines form a 
staircase that is known as the line of balance. 


Actual production as of 1 March is plotted on the upper 
right-hand chart from production control reports. These 
appear as vertical bars superimposed on the line of balance. 
It can be seen that some of the bars are below their required 
level and some are above the required level. Top Management 
is normally most interested in the items at the end of the 
production line, namely those items such as #19, indicating 
accepted product. It can be seen that item #19, acceptance, 
is ahead of schedule. Likewise, item #18, tested weapons, 
is ahead of schedule and #17 and #16, items going into 
final assembly, are also ahead of schedule. This would 
appear to indicate to top management that all is going well 
with the particular item being produced. At least that is 
the impression seen from looking: at completion reports only. 
However, the control chart of bars that was drawn indicates 
that some of the components are not present in sufficient 
quantity to complete assembly on schedule. One of these 
components, #8, Government Furnished Equipment, appears 
to be considerably behind schedule. If a horizontal line is 
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drawn from the top of the bar at #8 to the schedule at 

the left, it strikes the schedule at a point above the 

middle of March. This is two weeks in advance of the "Today" 
line. This indicates that there are two weeks remaining or 
two weeks lead time for item #8. By checking into the lead- 
time chart at the bottom, it appears that item #8 requires 
two months (or 8 weeks) of lead time prior to acceptance. 
Thus, we have only two weeks of item #8 available and are 

six weeks behind schedule as far as item #8 is concerned. 

Of more importance, assuming we don't get another shipment 

of item #8 at the plant, we will have to close the production 
line in only two weeks. This is the type of warning of 
lagging component production that this particular control 
chart renders so excellently. No other control appears to 
predict production problem areas as well as lead time 
charting or to indicate the relative importance of the 
various components in the item. Using this technique it 

has been possible for the Navy to allocate components to 

the pageseular contractors in the greatest need of those 
items. 


Manpower Controls: 


The next area of control to be discussed is that of manpower, 
an area of vital concern to top management. The first 
example, shown on slide #3, is a statistical control chart 

of actual versus authorized personnel levels at one install- 
ation. (Along the horizontal axis are plotted three fiscal 
years and along the vertical axis are plotted the percent 
deviations of actual from authorized strength levels. These 
can be computed by finding the difference between actual 
versus authorized strength and dividing by the authorized 
strength for the plant at any time.) It can be seen that 

the authorized personnel level appears as a zero deviation on 
the chart. Two standard deviations below the average, a 
lower control limit has been drawn to indicate the limit of 
normal fluctuation. The upper control limit has been chosen 
as the authorized level. Between these two lines appears 

a band of normality and outside of these two lines we may 
assume that something has occured which would not normally 

be expectable. Since cases would fall, 95 times out of 100, 
within the control limits, we may assume that anything 
outside is a rare occurence and is probably not due to chance. 


1 Vice Admiral M. L. Royar, SC, USN, "Navy-Industry 
Production Analysis Team Work Promotes National Defense", 
Armed Forces Management, November 1955, p. 5. 
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It can be seen that the number of personnel at this 
installation remain within the control limits for ail 
points during the three fiscal years except two. The first 
of these occurs in November of 1952 when a slight reduction 
in force dropped the level below the control limit. The 
next point is in November of 1953 when a large group of 
people were transferred from the 2nd Army to this installation. 
If top management at central headquarters had dictated both 
of these personnel changes, then no action would be forth- 
coming from Headquarters. However, if such a graph went out 
of control for no apparent reason, it could well indicate 
that management at the installation was negligent of its 
manpower control. 


The next chart, slide #4, represents turnover rates at an 
installation. Again, dates appear along the horizontal and 
percent of separation along the vertical. (The ordinate 
value is determined by dividing the monthly loss or gain 

by the average monthly work force. ) A standard line has 
been drawn to represent the average turnover rate for all 

of the installations in the system for a three fiscal year 
period. An upper control limit has been drawn two standard 
deviations above this average and between this upper control 
limit and the zero line, 95% of all possible cases, should 
fall. If a point falls outside of the upper control limit 
we may assume that it is a rare occurence and that it is 

due to some external cause, not chance. The turnover within 
the installation remains almost constant until the middle 

of 1953 when it can be seen that harmonics start to set in, 
warning of a more erratic control situation. Finally 
turnover goes out of control in June of 1954 and it almost 
can be predicted by drawing a straight line through the tops 
of the turnover level bars. If this out of control action 
had not been caused by top management, then it would indicate 
that an investigation should be made to determine the cause 
of such an abnormal occurence. In this way, the charts 
indicate when management action must be taken in order to 
bring the system back into control. 


In like fashion, many other types of charts may be drawn 
up to indicate personnel or manpower statistics. Control 
limits may be placed around a graph of manhours divided by 
produced units to indicate when we are utilizing excessive 
personnel, as an example. 


Financial Controls: 


The third control area under investigation is the highly 
significant area of funds and fiscal actions. In addition 
to the Profit and Loss Statement and the Balance Sheet, the 
following fiscal control is recommended. 
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In slide #5 is shown the typical historical graph of fiscal 
actions. (Along the base line the four quarters of the 
fiscal year are shown and along the ordinate the billions 
of dollars in the funding program are shown.) The top line 
of the chart indicates the funds allocated to our headquarters 
in the entire funding program. The next line indicates the 
funds allotted from our headquarters to the plant in question. 
The third line indicates the funds obligated on a contract, 
This particular program happens to be for research and 
development. The bottom line indicates expended funds or 
monies paid out in return for value received. It is 
obvious that the funds cannot be allotted to the install- 
ation until they are received by headquarters and that they 
cannot be obligated out on a contract until they are 
received by the installation. This is shown by the vertical 
gap from one fiscal action to the next. The questions arise, 
however, as to whether the gaps are too large, too small, 
how should one interpret them and what do they mean. It 
is felt that this type of presentation can be greatly 
improved to the added knowledge of top management. 


In slide #6 we see the proposed fiscal control which is 
an application of the previously mentioned lead Time 
Charting, only modified for funds. 


Again, dates appear along the base line but instead of 
dollars along the vertical axis, now percent of the funding 
program is shown from 0 to 100. This allows for a more 
direct comparison between different installations. The 
dark line, numbered "4", is the schedule of obligations, an 
important fiscal action. The line labeled "5" represents 
the schedule of expended funds and it can be seen that it 
rises to only a third of the total program since these 
were three years funds or expendable in a full 36 months. 
The dotted line at the left of the chart indicates actual 
obligations and the dark vertical line intersecting the 
dotted line indicates the "Today" line or the time the 
chart was made out. The dotted line at the bottom of the 
expenditure line indicates actual expenditures. 


It can be seen from the actual obligations dotted line 
that obligations are behind schedule. In other words, 
not enough contracts have been signed. From the inter- 
section of the schedule of obligations and the vertical 
"Today" line we see that the program should be about 58% 
obligated. The actual obligations rise only as high as 
40%. Therefore, it appears that the program is 16% 
behind according to the schedule of obligations. By 
drawing a horizontal line to the left from the point where 
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"Today" intersects actual obligations, we see that the 
scheduled obligations are intersected just before November. 
This means that the program is slightly more than one 

month behind schedule in obligations. Also, by moving the 
"Today" line one month in advance, we see that it intersects 
the schedule of obligations at about 62%. This means that 
in order to get back on schedule we will have to obligate 
from 42% to 62% in 30 days or that 20% of the total program 
must be obligated in the next 30 days. Thus, the Lead Time 
Control Chart of funds indicates three things: 


1. The percent of the total budget program that 
the installation is either ahead of or behind schedule. 


2. The number of months ahead of or behind schedule. 


3. The amount of the program which must be made up 
in the next month in order to get back on schedule. 


Although it can be seen that actual expenditures reach 
only to about 2% whereas scheduled expenditures should be 
at 10%, this lag is not highly critical since there are 
36 months in which to expend all funds. 


From the bottom of the chart it can be seen from the 
Lead Time figures in months just when the various fiscal 
actions should occur. By moving forward or backward in 
time from the obligation date a schedule of allocations, 
allotments and authorizations may be built. From the 
particular chart in question it can be seen that all 
allocations, allotments and authorizations are either 
ahead of schedule or on schedule for the plant in question. 


Another example of the same technique may be seen on 

slide #7, which is offered only because it differs so 
greatly from the previous slide. On this chart we see 

that actual obligations intersect the "Today" line at 

the same point that scheduled obligations meet it. Also, 
actual expenditures intersect at the proper point. We 

may therefore conclude that, as of today, all obligations 
and expenditures are right on schedule for the installation 
in question. However, a skilled analyst will notice that 
at this point of the year, December, the program is only 
10% obligated. By moving the "Today" line 60 days in the 
future, it can be seen that obligations rise to nearly 

60%. Thus, in two months there must be 50% of the funding 
program obligated. Therefore, the analyst who will maintain 
these data must be extremely watchful in the next 60 days 
to see that all fiscal actions are performed on schedule. 


Th 
le 
me 
Ap 
an 
th 
in 
Su 
sh 
$l 
ab 
At 
ar 
po 
Th 
He 
it 
as 
ap 
th 
ea 
Re 
re 
Fr 
al 
th 
an 
wa 
de 
th 
be 
th 
Pr 
al 
it 
Ma 
On 
C0 
pr 
19-7 


There is also at this installation a tremendous administrative 
lead in the two months around the lst of the year and such a 
method of operating is open to question, From February through 
April it can be seen that obligations rise only 10%, so this is 
an extremely slow period in fiscal actions, From beginning May 
through June, 30% of the total fiscal program is performed and 
in the last month 20% of the year's program is obligated. 


Such a chart indicates that perhaps a complete investigation 
should be made of the rate of spending at this installation to 
put the schedule at a more nearly optimum rate. 


Slide #8 is an indication of each individual installati on's 

ability to obligate its funds as it had budgeted or scheduled. 

At the bottom of the slide a bar graph is drawn in percent of 

the total program for each installation in the system. Lines 

are drawn to represent the first, second and third quarter budget 

positions. The black bars are drawn to indicate actual obligations. 

These black bars are drawn after the close of the first period. 

Hence, all levels should be above the first quarter line. Thus, 

it shows that some installations are not obligating the funds 

as scheduled and are not meeting the planned budget. Such an 
approach causes erratic scheduling toward the close of the fiscal 

year and hence must be brought under control. At the top of 

the chart is a pie graph to illustrate the relative importance of 

each installation under question. Thus, it can be seen that 

Redstone Arsenal, controlling roughly half of the total funds for 

research and development (46%), must be very carefully controlled. 

From the bottom graph an investigation appears warranted since 

all funds were not obligated as scheduled. A phone call determined 

that major contracts were in the process of being signed momentarily 

and that the funds were as good as obligated, hence, this problem 

was easily solved. In like fashion, investigations are made to 

determine causes for missing the schedule for each installation 

that appears to so warrant. Only then may the bulk of the funds 

be kept under close control, budget-wise. It must be remembered 

that the above controls are to be used as an adjunct to the 

Profit and Loss Statement and Balance Sheet normally prepared by 

all firms. The Army has gone to a similar approach by means of 

its industrial funding technique. 


Management Controls in Research and Development: 


One of the most difficult areas in which to apply management 
controls has been the area of research and development 
projects, Progress in these areas are most difficult to gage 


| 


and contro1. In slide #9 is shown the basis for building 

a system of controls for research and development projects. 
This is the man-month estimate (by phases) of personnel 
needed for a research project. The man-month estimate is 
made by the scientists and engineers in charge of the project 
or anyone else who has the greatest knowledge concerning 
the needs of each phase. The graph is drawn up by the 
research personnel and that represents the greatest amount 
of paperwork that they are asked to perform. Next, as 
shown on slide #10, the Control Staff of analysts (which 
reports to R&D) totals up the man-months for each phase 
onto a cumulated man-month estimate. Also the total 
cumulative man-months for all phases are drawn above as the 
total line. 


At the close of each month, photostats of the original 
estimate are sent to the research personnel and they are 
asked to sketch right onto the estimate the actual number 
of people used on the project. This is done by drawing a 
vertical bar, representing the number of men used. As 

shown on slide #11, these bars can be converted to actual 
cumulative lines for each phase. Aliso the actual total line 
is drawn and compared to the estimated line. As shown on 
slide #11, phases 1, 2 and 3 are all running over the man- 
month estimates. ‘The total man-months are also over the 
estimate but appears to be coming back toward that estimate. 
The most significant fact about the chart is that phases 4 
and 5 did not start when scheduled and are now three months 
behind. 


By multiplying the total cumulative man-months by the 
average monthly salary and adding in overhead charges an 
expenditure schedule may be drawn as shown in slide #12. 
To the right of slide #12, the expenditure schedule has 
been converted from dollars to percent, and the percents 
marked off in 10% increments. This serves as a fiscal 
control for the complete R & D project. 


On slide #13 the actual expenditures are drawn over the 
fiscal schedule of expenditures. These actual expenditures 
are derived from the monthly tabulations of project cost from 
the electric accounting machinery summaries. 


In order to make the comparison of actual versus scheduled 
expenditures somewhat easier, a bar graph has been drawn 

to the right of the line graph for each project phase. 
Comparison of the scheduled expenditures with the actual 
expenditures for each phase indicates which phases are over 
the budget. Also, phases 4 and 5 show no actual cost, 
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hence, they did not start on schedule. The total bar 
graph indicates rate of spending according to each monthly 
check point. In which month the project fell behind schedule 
can be seen clearly and also in which month it began catching 
up appears by comparing the monthly lines. 


On slide #14 we have an indication of statistical fore- 
casting, in this case, applied to workload. By cumulating 
the data for the previous fiscal year and determining the 
control limits about that cumulative data, a control chart 
can be drawn for the next fiscai year. The best estimate of 
business for the next fiscal year was 15 million tons. As 
the next year began the tonnage was plotted cumulatively. 
The first point fell somewhat below the estimate. The 
second point also fell below and by drawing a line through 
these two points, it could be seen that the fourth month 
would go out of control. This actually occurred and each 
succeeding month stayed right on schedule to indicate a 
cumulative total of 11 million tons. This type of statis- 
tical control produces amazingly accurate results because 
the error is decreased to a minimum by cumulating each 
monthly figure to the previous month's total. 


This type of forecasting chart can be applied to cost 
control by project. When the cost starts to rise beyond 
the control limit, action can be taken to either bring them 
back into line or secure more funds for the budget. In the 
forecasting of sales this particular chart has proved 
invaluable and the article by Frances B. Newman of the 
General Electric Company, entitled, "Better Production 
Planning from Controlled Sales Forecast" Factory Manage- 
ment and Maintenance, Volume 110, Nr. 6, June 1952, p. 108, 
is highly recommended. These charts are very similar to 
typical quality control charts except that the data has 
been cumulated prior to drawing the control limits. Typical 
quality control charts are also recommended for management's 
knowledge of quality levels. 


Summary : 
Each of the management controls present knowledge of what 
is supposed to happen, what is actually happening, and 


what management action is needed to rectify any deficiency. 
Furthermore these controls tend to: 


1. Indicate exceptional performance, both superior 
and inferior. 


2. Indicate trends or predict future situations. 
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3. Indicate out-of-control situations or predict 
such out-of-control happendings. 


4, Serve not as a historical record but as a 
warning when to take action. 


5. Provide for management by exception. 
It is felt that in any large organization, application of 
some of these controls would be beneficial to top manage- 


ment in providing a quick, clear picture of actual 
happenings. 
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ORGANIZING FOR DATA PROCESSING 
Elbert P. Little 


Anderson-Nichols & Company 
Boston, Massacnusetts 


Introduction 


The tremendous interest. in the new methods of data processing made possible 
by electronic devices is snown by the rapid growth of descriptive literature 
and by the increased attention given to the subject in meetings like this 

one. The influence of the ideas presented here, the thought and study and 
change: which will result, can govern the direction, magnitude and rapidity of 
this modern incustrial evolution. While the changes to come in the lives of 
industrialists, white-collar workers, and laborers cannot be clearly foreseen, 
the good and evil results will tend ultimately toward the betterment of all 


modern living if we temper our changes and our progress with human understanding 
and compassion. 


The problem 


Our particular concern is the organization of a business for data processing. 
This discussion will include the birth of the idea, its growth during a study 
period and its maturing as a definite program. Effects on company policy, 
preliminary costs, organization changes and educational programs cannot be 
discussed in detail. It is the philosophy of approach to a detailed study 
with which we will be concerned in this paper. 


The birth of an idea 


Before any real progress can be made, someone fairly high in the organization 
of a company mst accspt the possibility that this new subject of electronic 
data processing may have significance for the future of his company. Perhaps 
the comptroller, or a vice-president, or even the president, is intrigued by 
@ magazine article, an advertisement, or a comment from a fellow executive. 
No matter what the stimulus, if he responds and starts to examine the subject 
he will very quickly uncover a great mound of literature. The ideas 
presented are likely to be so diverse, so general, or so detailed that he 
soon feels the need for support. The breadth and complexity of the subject 
is overwhelming, but the probable value to management can still be recognized. 


The idea grows 


The logical next move is to form a small executive committee to investigate 
the various phases of the subject. This work will require the time of well 
paid executives and will be in addition to their normal work load, so the 
formation of the committee mst usually be acceptable to the president or 
executive vice-president. The membership of the committee will depend on the 
organization of the company but should have representation from the major 
operational groups, such as finance, urchasing, production, engineering, 
warehousing, and sales. The reason for such diversity is that the 
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implications and effects of electronic data processing are certain to he felt 
threughout the whole structure of a company. Divisional and departmental 


lines cannot be maintained as a rigid barrier to the flow of detailed information 
in a well planned automatic system. Therefore the more understanding and support 


generated at the top levels of management the smoother will be the eventual 
transition to a working integrated system. 


The objective of this committee will be to reach a decision ~ the company should 
or should not initiate a formal program of study in expectation of installing 
an integrated electronic data processing system. To reach this decision the 
members of the committee must acquire a general understanding of the nature 
of integrated data processing systems made possible by new types of equipment. 
Tney must recognize that in general all data when first generated should be 
recorded in a machine-recognizable form. They mst understand that these data 
can be automatically stored, transferred and manipulated mathematically under 
the control of complicated programs in a machine system. They must not refuse 
to accept the idea of allowing records of business transactions to be 
accumlated, maintained up-to-date, and reported to management by machine, 
according to systems and procedures carefully worked out long before tne. 
equipment is installed. 


For example, they should consider tne problem of data handling in an order- 
billing procedure for a warehouse operation. Installation is now underway 
on @ system in which orders as received are entered on an electric typewriter 
by stock number and quantity. The typewriter is electrically connected to a 
computer in whose store is the inventory record for all fast moving or 
Critical.and expensive items. Tne stock number locates the information in 
storage, a comparison of the inventory level with the quantity requested is 
made by the machine and if the order can be filled the computer sends to the 
typewriter tne unit price of the item and the extension by quantity. The 
inventory level for that item is adjusted automatically. Then the next item 
is entered by the typist for similar action. If the stock is depleted the 
computer will not complete the line, or will indicate a partial order and a 
back order. At the same time it will type out at a supervisor's desk the 
information about the back order so that purchase action can be initiated. 
This should be an unusual sitwation because a reorder level in the information 
store should cause purchase action before the stock becomes significantly 
depleted. This reorder level can be changea periodically in the light of 
order activity, leadtime and other factors evaluated by human judgment. 


As the typist fills in the order the resulting information is automatically 
typed in the warehouse as an assembly sheet and shipping document. Picking 
tags can be generated at proper strategic points in a large warehouse 
system for maximm efficiency in assembling merchandise. And typewriters 
at the receiving dock can be used to record directly into the inventory 
record the receipt of acceptable merchandise for storage in the warehouse. 


Information such as item activity, aollar volume by item or class or customer, 
new unit prices, customer credit, accounts receivable, due-ins and due-outs 
can all be tied together in the computer system. Those topics which require 
rapid action and up-to-the-minute information can be handled on a random 
access basia, while other information can be stored on transaction tapes and 
accumulated for reports or historical records at a later time. 
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Even in this simplified situation it is at once apparent that the system 
is based on information flow patterns rather than on administrative 
divisions. An awareness of this possibility is of major importance to 
the activity of the executive committee. 


It is apparent that the executive committee can arrive at a decision 
without a detailed study of the systems and procedures of the company. 
Instead, they should consider such questions as "Does the information 
stored and handled in some departments overlap that in others? Is the 
information available in some departments not transferred to others where 
it would be useful, because of lack of time or facilities? Is most of the 
information available to management of historical value only, because of 
excessive elapsed tims? When sudden changes in business conditions occur 
is it impossible to gather or process pertinent information fast enough to 
aid in reaching significant decisions? Are inventory levels higher than 
economically desirable because of lack of timely control? Is production control 
failing because of lack of timely information from sales? In short, is the 
generation and flow of information insufficient and too slow for the best 
management of tne firm?" 


& really open mind is needed to get fair answers to such questions. How 
often we meet the man who has built his department into an empire, and is 
afraid to consider any changes whatever} Sometimes we find the attitude, 
"The business is making money so why change?" But an increasing number of 
executives are aware of the possible advantages their competitors may gain 


from better data handling procedures and are willing to look inquiringly at 
their own methods. 


Maturing a definite program 


If the answer to many of the preceding questions is affirmative, the 
committee will decide that a more thorough study is needed. 


The general procedure at this stage is to form a Working Group. The group 
leader, perhaps from the committee, should be enthusiastic but realistic 
about the whole affair. He should work at this as a full-time assignment, 
with clerical help, a competent technical adviser, and a smal] staff. One 
or two men for systems and procedures analysis, another two for machine 
systems and operations, and a specialist in education and pergonnel matters 
would make a good supporting staff. These staff people should be drawn 
from the roster of company employees, for their knowledge of the company 
will be invaluable. The adviser should have had experience in developing 


electronic data processing systems, and he may well be on a contract basis 
from a consulting firm outside the company. 


| Heed | 


| clericad | | Adviser 

Systens | Machine Education 
| Unit | | Unit | & Personnel. 
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The members of the Working Group must become thoroughly imbued with the spirit 
and philosophy of modern data handling concepts. This will require training, 
for although most business offices already have many people who handle 
information, their experience is generally limited. Use should be made of 
the executive courses offered by the various computer manufacturers, and of 
the special two or four week summer courses offered at a number of colleges 
and universities. These will provide a broad background for understanding 
the general characteristics of modern information systems, and the problems 
of re-examining the data systems of a company. The staff should train 
together, as a group, and should be aware of one another's attitudes and 
concepts. The members of this staff will become the management of the final 
data processing activity in the company. 


But in addition to this general training, at least some serious exposure to 
programming a computer should be included in the education of the Working 
Group. For it is virtually impossible to understand the requirements for 
extremely careful and detailed analysis of data systems until one has 
actually been through the throes of programming, coding, debugging and 
running even a moderately simple problem. It does not matter too mech for 
which machine the problem is prepared as long as an opportunity is available 
to carry it through to a successful conclusion. 


After this indoctrination the Systems Unit will turn their attention to the 
problems of collection and use of data within the company and the Machine 
Unit will begin to acquire a detailed understanding of the various 
commercially available equipments which might be used by their company. 
After these steps have reached a point of diminishing returns, the two 
Units should begin working together to determine the most satisfactory 
method of handling the company's data processing requirements. Detailed 
cost and equipment studies will be required because a decision in favor 

of a specific make of equipment should be prepared at an early date. 


The members of the Working Group have an important management function. 

They must be able to get along with people, both within their own group but 
especially with others throughout the whole company. They will be the 
spearheads of change, and will be resented by otners unless they are skillful 
and tactful in their approach to new areas. They must inspire cenfidence 

and cooperation during the growth of the new system, and they mst be 
competent managers when the system is in operation. 


Planning and controlling the operation of an automatic information system 
is similar to supervising a group of people, except that it is a more exact 
process because details and exceptions cannot be left to human judgment. 
They must be foreseen. A sense of logical sequences and system relation- 
ships is almost a necessity. A mechanical sense or scientific aptitude may 
be of great help, but the primary need is to be a good manager of people. 


& working plan 

The objective of the Working Group is to devise and establish a modern data 
processing system in the company. This should be done according to a 
carefully worked out plan, with cbjectives and target dates clearly defined. 
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Otherwise the probability of begging down in details is almost overwhelming. 
In organizing such 2 plan, consideration must be given to the objectives and 
requirements of the final system, and to the Limits imposed on these by the 
nature of the company. 


One method of using electronic computers is merely to replace existing mamal 
or machine methods, with the hope of increasing the speed of processing data. 
This does not make. use of the potential of properly selected electronic 
equipment and suitably developed procedures. Instead, it is advisable to 
prepare flow charts of the major operations of the company. These should 
define the sources of information and the sinks, or places where the 
information is required for anaiysis, control and historical records. 
Association of company activities on the basis of their information . 
requirements should result from this study, and then one of these sets of 


associations should be analyzed in detail. This will include the following 
tasks. 


le. Study and classify the work to be accomplished (not the operations 
now used) in receiving, processing, and dispensing information. 


2. Determine the volumes cf data handled under average conditions, 
peak work loads, and probable future conditions. 


3. Evaluate the relative importance of various classifications of 
work, and the realism of volume information as determined. 


4 list and evaluates the relative importance of all factors which are 
intangible or for which definite measurements are 
unreliable.’ 


5e Develop alternative methods of accomplishing the work, including 
manual and machine methods as well as electronic applications. 


6. Evaluate the relative worth of the alternative solutions, within 


the practical operating conditions of the company, and with respect 
to its over-all data requirements. 


7o Prepare a summary report for decision to implement an area of work, 
or te postpone it until. broader studies have been completed. 


8. Coordinates all proposals and decisions with all organizational 
elements affected. 


9. If implementation is approved, develop specific plans for new 


procedures and for the change-over period. Careful thought and 
skilled judgment are required. : 


10. Select and train personnel in new procedures and in making the 
change-over. 


ll. De-bug procedures as much as possible, install equipment and 
develop smooth »%peration. 


12. Prepare a final report on the new syctem and recommend steps for 
further development. 


The working group will need help from the various activities included in this 
program. One of the best ways to ensure cooperation in new plans is to make 
each affected group a participant in terms of its own requirements. This 
does not always work smoothly but it is worth trying. It may also uncover 
people in the company who have interests and capabilities of value to the 
working group, for its future growth. 


Everyone concerned with the activities of the working group must recognize 
that this work is slow and costly. Many man-years of study and analysis have 
been spent by the pioneers in the use of these new concepts and equipment. 
Several hundred thousand dollars may be needed for all the preliminary costs 
before a large system is installed and operating satisfactorily. But there 
is increasing evidence that carefully thought out systems will pay off, 
especially in such intangibles as increased efficiency, better management, 
reduced waste and increased customer satisfaction. Automatic data. processing 
systems are primarily management tools and their use should be directed 
toward the smooth operation and healthy growth of a company. 


Personnel relations 


So much publicity has been devoted to the number of people who will be put 
out of work by electronic computers that it is inadvisable to publicize the 
initial activities of the Executive Committee. The effects on company 
personnel, policies, and organization must be examined. These subjects will 
require careful, sensitive investigation for they can be explosive. A poorly 
conceived or tactless approach can set back the new program for an indefinite 
period. Once the decision to form the Working Group has been made, the 
personnel man should begin to prepare the company employees for whatever 
changes. may occur. Some simple educational literature on the nature of 
automatic data processing systems should be distributed. Emphasis should be 
on the elimination of drudgery, the growth of new jobs with greater responsi- 
bility, and the use of normal attrition to take care of any personnel reduction. 
It can be said that the company hopes to handle increased business without a 
major staff increase with the help of automatic systems. Human beings. will 
still be needed, especially in activities where judgment is a major factor. 


Educational programs on the general principles and use of automatic devices 
are advisable for all staff and supervisory personnel. These equipments 

are not nearly so mysterious as they first seem, and relatively few people 
will be concerned with the details of their operation and use. It is 
important that their function and capabilities be understood. A good 
instructor can be a major aid in the development of satisfactory understanding 
among management personnel. An automatic data processing system should not 
be static but should become more and more useful as new ideas are developed 
by those who depend on it. 
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The effects of size 


The most vocal groups planning to get automatic data processing have been the 
large companies or the government services. Their problems are admittedly 
serious and demanding. But the very size of the problem, the volume and 
complexity of the data, make a realistic solution that much more difficult. 
It seems probable that the medium sized company, adapting its more easily 
understood problems to a moderate sized computer has a better chance of 
really putting into practice the benefits of an integrated data processing 


system, according to our modern concept. This area deserves more attention 
from all who are interested in the future. 
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gnalc G, Malcol.u 
Director ol Operations Research 
Rooz, allen & [f'amilton 
Chicego, Illinois 


ly ten short years ago our country was sirucgling to re- 
stablish a peacetine econoiuy, which we svently hopec would 
e a better, more abundént one. Ye knew of the engineering 
and scientific wonders that had been created an? iupienen tec 
in theinterests oi survival and for the protection of the sree 
world and we had faith that some of these developuents woul 


be useful to man in the new era in front of us. 


However, only a iew foresaw that we were to enter such a 
fanlastic period of economic growth and technological chance 

that we would hegin to hear oi these times reierred to as the 

2nd Industrial Revolution. Whether the events of the past and 
present decades are signiiicant enongh to warrant such a 
description only tine will tell. However, it could and shoule 

be noted parenthetically that even revolutions happen faster 

in this modern world of high speed communication, self enlighien- 
went and weasurement -- all catalyzed hy our competitive econoiiy. 


Bubbling d11 Ground us are the resvits end symbols of this un- 
paralleled period oi change and abundance. ive hear daily of 
mtouic Power, the Mighty Force of Research, Electronic 

Couputers. we have digested television in stride - although 

it takes a little bicarb from time to time. Automation, feed- 
back control and Operations Research are representative 

approaches in this new world and we have become quite accustomed 
to establishing building construction am manufacturing production 
records with ease. And we have learned to use governmental 

power to establish what it is hoped is a stable and seli-controlled 
economy. aAnd during this period sanagement, itself, has learned 
lo plan, to innovate, and to horrow and utilize the concepts 

of military strategy in cuiding the corporate course. Truly, 

the combined effect of all of these factors has been to create 

a wore Cynamic, @ more change-orlented economy and a higher 
standard oi living ior all secuents of the population. It would 
see: that all of this indeec is what Revolutions are mace of! 


What has 211 of this to do with Industrial Engineerinc? Industrial 
Engineering hés long performed én important part in aiding Renney 
went in the analysis, design, and control of the operating phases 
of the organization. Also, the rénks of present day mencgenent 

are being couwposed increasingly of nen who heen acacéuically 


A, 


trained in the principles of scientific management, engineering 
analysis, anc the methods, viewpoints and values of Research, 


This has resulted in an increasing reliance upon engineering 
and scientific approaches in the process of decision making. 
The industrial engineer has aided management immensely and has 
been called upon in this regard to the extent that the number. 
of practicing industrial engineers has grown over 350% in the 
10 years ending in 1950. In the process, industrial engineering 
has acquired new methods, has become an organizational entity 
in industry, and is establishing a mathematical-engineering 
basis for the profession in both the academic and industrial 
areas. It is in this light that we may look at Indus trial 
Engineering in Transition, 


In my Opinion there are 5 major aspects of this “Revolution" 

that are important in causing this transition in industrial 

engineering. I shall list them first and then discuss each 

brieily: 

1. A greater Consideration of Human Values and Motivations 
in the Operations of the Enterprise. 


2. The development and implementation of strategic 
concepts in business manageuent. 


co 


The Increasing Rate of Technological Change. 


The advent of Electronic Computers. 


and S. Our growing ability to use mathematics and models in 
the analysis and engineering of management systems. 


These are all somewhat independent efiects as you will observe 
which when synthesized produce the econony of abundance we 

now experience. The industrial engineer is in &n enviable 
position, for he may serve as the catalyst for this synthesis 
and help guide the course of these activities and make this 
revolution a practical reality. 


Let us take a briei look at each of these factors mentioned. 


1. A GREATER CONSIDERATION OF HUMAN VALUES AND MOTIVATION IN 
THE OPERATION OF THE ENTERPRISE 


Here, we have seen that the objectives of many enterprises are 

gradually being spelled out formally in terms of both the human 
and economic values. These policy guides permit more straight- 
forward industrial engineering. Development of such formal 
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slatewents COilipuny objectives ure partly @ resultant oi 
wature collective bargéining, partly a@ praematic decisicn on 
the part oi aanagenent and partly @ function of the unusual 
prosperity that has becoue charecieristic of the past decade. 
In any event, management is turning to the inecustrial engineer 
for more comprehensive and accurcte treatien. of the problems 
involved, aAs & result, we are noting significant changes in 
the scope and design oi wage incentive systeus, work weasurenent 
and evaluation systems, Yhese systeus ure now being designed 
with much more regard to their total eifect on Labor Management 
relations, and, arguuents over accuracy in Lime study practices 
are no longer as iiercely debated, Thus I.E. practices are 
turning wore in the direction of aiding the overéll objectives 
oi the enterprise. 


2. THE DEVELOPMENT AND IMPLEMENTATION OF STRATEGIC CONCEPTS 
IN BUSINESS MANAGEMENT 


Modern management has borrowed successiully from the military, 
both by observation of the methods used and also hy direct 
counsel and employiuent of wilitary strategists. Such men as 
Gen'ls Souervell . MeeAr thur , and many others, are excellent 
examples. This, wilh better forecasiing means, has 
Given management a greater aobility in woving in on opportunities 
and in eliminating unprofitable ventures. The resultant has heen 
to free management’s natural ability and desire to innovate, to 
experiment, and to take calculated risk. This philosophy has 
permeated throughout many organizations, giving younger manage- 
ment the opportunity te catch the full importance of management 
of an enterprise. Thus, the problems of establishing control 
are not now as important as the analysis of the opportunities 
available, obtaining eiliciency oi the installation of a new 
plan and the decreasing of the tine in the learning process 


3. THE INCREASING RATE OF TECHNOLOGICAL CHANGE 


Augmenting the above ure the by-products of our tremendous 
investments in research over the past 15 years. New materials, 
new products; new gadgets are being developed at what appears 
Lo be at an ever-increasing rate This explosive technological 
growth is exemplified by the growth of the clectronic industry. 
All this indicates the neec for faster - more efficient intro- 
duction of change, and the need for greater flexibility in our 
control systems. The industrial engineer is learning to deal 
with these problems by use of Tine Reduction Curves, by cooper- 
ation with market research and hy anticipating the output ofa 
physical reseerch: The eciiphasis is now more adequately 
including the macroscopic ~- i.e. analysis oi the system - rather 
than the microscopic type oi approach which was geared to 
control of the individual worker. 
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4, THE ADVENT OF ELECTRONIC COMPUTERS 


This may be the wosi significant iteu in the list as soon as 
we learn how to use them adeguatel:. Indusirial Engineers are 
beginning to see anc test the feasibility o. certain mathematical 
technigues, to revitalize concepts of contrsi and to do a more 
eifective job of integrating varions reportivg systeus., This 
has caused Systems and Procedures work to receive increasing 
aitention and has krought the industrial engirecr directly into 
the picture of evaluating COmpulers for management. ‘Ve haven't 
found coupletely suiteble ways in which to evaluate the economics 
of utilizing computers. Decisions made to install a Computer are 
therefore often not based on tangihie direct dollar returns, 
Perhaps this is fortunate. I believe it is. For management 
intuition has thus taken over and mace the decision to use 
computers. iIn @ sense the computer has become &@ sirateaic 
weapon, an instrument of potential competitive acvantcece and ve 
have a break through that is forcing us to learn and to utilize 
the great potentialities of these machines. Perhaps the greatest 
returns from this will come from. .. 


5. OUR GROWING ABILITY TO USE MATHEMATICAL MODELS IN THE 


ANALYSIS AND ENGINEERING OF MANAGEMENT SYSTENS 


Perhaps this point is best illustrated hy the excellent procrz 
you have cone to attend. You will hear of many new approaches 
and practical applications of mathematical and simulation 

techniques to design, programming end control problems 


The collective papers presentec at this meeting will give yo" an 
excellent operational definition of the nature end extent of the 
transition of industriél engineering. it is in this last area 


thal we can expect the continuing stimulus of new viewpoints 
and approaches to increase our proiiciency in anélyzing ind 
designing nanacgement systens. 


Management has long ago learned how to orgarize for physical 
research and to develop the long range latent returns possible, 
This required great faith on the part of the original conpanies 
engaged in the research approach. This cpproech is now generally 
eccepted. 


Management is now showing a faith in the cpproach that research 
into business systews and operations will likewise procuce lone 
range, ei fective and handsome returns on the investment. Thus 

we gre beginning to see the fevelopucnt of research organizations, 
quite often within the industrial en igineerin i¢ function, which 
delve into the structure and hasic make-up of the business, 
steffed with « goodly nunker of iadiviavetl who have a point of 
view wore nearly akin to that of the classical scientist who is 
wotivated more by his own desire ior understanding than by the 
Cirect material céins from his efiorts. 
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4, #stithin the past S years we have been aided immensely by 
the develoguent oi fine publications and meetings hy the Cperations 
Research Sociciy ol America enc the Institute of Management 
Sciences. ‘ie thus have a research arm - in fact two of them - 
which are providing the industrial engineer with theoretical as 
well as applied iodels for his consiceratior. Truly the industrial 
enginecr hés nore to work with than ever be-ore in his history ;* 
anc quest for @ scientific basis in management. However, this is 
nol all a bed of roses - various disciplines such as economics, 
physics, applied mathematics and statistics as well as other 
branches of engineering are all vieing to serve managenent. The 
proiessional lines once more clearly celineated are now being 
overlapped. As a result there are a plethora of techniques 
available, couched in different jargon and often in actuality 
uerely alternate methods for solving the same general problem. 

This oiten poses a serious dilemma to the industrial encineer in 
selecting methods to employ in structuring and solving his problen. 


Thus, in summary, industrial engineering is making the sane 
transition other branches of engineering have made and we can look 
torward to aidine in the research, as well as serving as the 
translators, ang to being the designers of organizations, the work 
siiualion and various types of controlling systeus involving men, 
walerials, machines, methods and information. Perhaps @ distin- 
guishing characteristic of the industrial engineer in this brave 
new world of change will be his ability to successiully install 

his Cesign and his willingness to be responsible for its successful 
performance. 


In any event, Industrial Engineering has experienced a phenomenal 
growth during the past five years and the future seems to hold 

even greater proiise. am certain that the next two days ane 

the excellent program which the Washington Chapter of AIIE has so 
puinstakingly prepared for you will sive you a better and more 
realistic impression of the scope anc aims of industrial engineering 
than these words of mine will have conveyed. Listen well and 

borrow freely from the essence of this transition. 
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INDIRECT WORK STANDARDS 


Harold B. Maynard, President 
Methods Engineerinc Council 
Pittsburgh 21, Pennsylvania 


1 do not mean to imply that it is unnecessary to study and 
measure repetitive work in order to improve methods and to 
establish realistic standards, Of course it is and because it 
pays we do it all the time. But if it is possible to reduce 
costs and increase profits by studying and measuring the work 
which is easiest to control partially at least without measure- 
ment, how much greater is the potential which exists in the 
measurement of indirect labor. It is more difficult to measure 
indirect labor and establish accurate standards tlian in the case 
of direct labor, but it can be done in ways which we shall discuss 
presently. The savings as I have said are often greater than 
those that result from direct labor measurement. 


The fourth cause I gave for the growth of indirect labor is the 
trend towards better mechanical equipment and ultimately auto- 
mation. Equipment is becoming increasingly complex and usually 
requires greater maintenance, On automated lines where the 
failure of a single minor part may cause the shut-down of a 

whole process, an intensive preventive maintenance program 
becomes a must. These factors mean that over-all indirect labor 
costs particularly in the tool and maintenance areas will continue 
to rise. Thus it is evident that it will be increasingly necessary 
for management to change [rom its traditional acceptance of in- 
direct labor as a necessary evil about which little can be done 

to an aggressive attuck on the problem which will reduce in- 
direct labor costs and bring them under strict control. 


Experience has shown that standards can be established for almost 
any kind of indirect labor activity. Actually, however, this is 
only a small part of an effective indirect labor cost reduction 
prégram. There is a great deal that must be done before conditions 
are such that standards that mean anything can be established. 
Unless a company is willing to undertake the whole program, it 

is likely to he disappointed in the results it gets. 


Management is always looking for simple solutions to its problems 
and properly so. It is possible to go so far in the direction, 
of simplification, however, that the results are valueless. A’ 
jack knife, for example, is a good deal simpler than a precision 
lathe. If, however, a cylinder must be produced which is per- 
fectly round and accurate to the thousandth part of an inch, the 
jack knife would be entirely unsuitable. 
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Many attempts have been made to develop standards for indirect 
labor which are just as impractical as this example. A favorite 
that has been triec many times with little if any satisfaction 

or success is to relate the assumec performance of indirect 
workers to the measured performance of the direct workers they 
serve. Such a plan is easy to set up. It can be done in the 
accounting office on the basis of past statistics or even around 
the bargaining table on the hasis of the outcome of claims and 
counter claims. It does not take any very deep analysis to see 
that plans established in this manner are of little value, for 
they do not take into account much of anything but what has been 
done in the past and/or what it is hoped somehow will be done 

in the future. A plan ol this sort does not involve managing 

in any sense of the word, It represents the failure of management 
to perform the function of managing in the hope that a mechanistic 
plan will somehow do it for then. 


Lest this seem like too harsh an indictment, let us see what 

must be Cone to establish what the methods engineer would consicer 
to be an acequately desicnec procram for the reduction of indirect 
labor costs.” 


Many years ago, Taylor developed a formula for obtaining high 
production, He saic, “The greatest production results when each 
workman is given a definite task to be performed in a definite 
time and in a definite manner." We have all applied that formula 
again and again to direct labor operations. It is just as appli- 
cable to indirect labor activities. 


Let's consider the cefinite task first. Tasks for indirect labor 
are sometimes established quite superficially. There are two 
different types of task assignient for any given kind oi in- 
direct labor activity. These are 


1. Specific job assicnments. 
2. Specific area assignments. 


The former are usually the more effective. A maintenance man 
is directed to “Repair Machine #25 in Department A," or a 
laborer is asked to "Unload a truck load of lumber and stack it 
in Department B." If a cood scheculing and cispatching setup 
is used, the scheduling of specific jobs will help to reduce 
lost time. 


On the other hand, it is much easier to give task assignments by 
areas. aA foreman will say, "I need another material handler to 
take care of the increased workload in my department." If 
management accepts this, the material handler is added. No one 


— 


has to worry about it much thereafter. The material hancier will 
manage to look busy when he is in sight, anc it's easy enough 
to disappear in most shops when there is nothing much to ¢o. 


The proper assignment of tasks requires a cood deal more study 
than this. Some years ago, the foreman oi & shipping department 
was falling behind. He requested more men und management agreed, 
When this did not help, he asked for and got still more people. 
This went on until he ran out of room. Ie had built up his staff 
to 45 people anc was further behind than ever, Finally he callec 
on the methods engineering department for help. After a careful 
study of the work, the force was reduced to 16 people who were 
assigned specific tasks to perform. Only then did the work begin 
to flow. Adding more people to bolster up a lagging activity is 
seldom the correct answer if the work has not first been properly 
organized, 


The highest cost man in a department may well ke the laborer 
rather than the most skilled mechanic. The mechanic may get 
$2.50 per hour and the laborer only $1.50, but if the laborer 
is only busy half the time, his true cost is $3.00 per hour. 
In many cases, the principle of the division of labor can he 
carried too far, It may be less costly to have a mechanic do 
his own material handling, than to have it done by a lower 
rated laborer who is busy only part of the time. Indeed, the 
best form of task assignment is by no means obvious in such 
situations as a large department involving many mechanics and 
several material handlers. With such factors as varying labor 
rates, cost of idle machine time, and cost of idle man time 
involved, the most efficient setup can perhaps only be worked 
out by mathematical analysis, involving some of the newer oper- 
ations research techniques. 


We will find it useful to classify tasks in two ways. 
1. Specific. 
2. Indeterminate. 


One of the steps of effective organization of work is to change 
the indeterminate tasks to specific tasks. A new janitor is 
hired for Department C,. He is shown a closet containing the 
usual janitors’ supplies and is told that it is his job to keep 
the department clean. In this case, his task is indeterminate. 
What he does and how he does it is left pretty much up to him. 
When his task is made specific which is certainly easy enough to 
do if management decides that it is ready to manage, cepart- 


mental cleanliness will improve or cleaning costs will go down 
or both. 
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So wucii for the task. I hope that without laboring the point 

unduly I lave been able to say enough about the importance ot 

organizing the work properly »efore going further to emphasize 
the necessity for doinc $O. 


Taylor said that im addition to giving the workman a cefinite 
task to do it should he done in a cefinite manner, Tocay we 
refer to the manner as the method, but it is just as important 
for wanagenent to pin down the method today as it ever was. 
There are two classifications of method that are useful in 
connection with indirect labor standards. These are 


1. ‘Methods that can he prescrikec more or less exactly 
by managenent, 


2. Methods that cannot be prescribed by management. 
he latter classification, which is the one that gives the 
greatest difficulty, prevails in uch maintenance and machine 
repair work. «At the outset of a job, no one can say with 
exactness what must be done to complete it. ii a machine has 
broken down, ihe trouble must first be located before it can 
be correctec. Not snowing what the trouble is, it is not 
possible to precict the corrective action necessary. Or if a 
pipefitter ust replace a section of leaky pine, it is cifficult 
to predict in advance how rusty the old pipe joints are and what 
motion patterns he will have te use to Cisnantle the pipe. On 
work of this kind, the method must in large part be ceterminec 
by the worker himseli. 


On most other kinds of indirect labor, manayement can establish 
athas: 


with reasonable exactitude the methocs it wishes to have followec. 
in many cases, however, it docs not do go. it hires people who 
claim some cegree ci taumiliarity wit. -ne work they are to do 


and lets them Cecide how they are going to cdo it. Or management 
relies on the foreman to explain the methods that are to be used 
without first determining either if the foreman knows the hest 
wethods himseli or if he is capable of teaching them if he does. 
it is small wonder, therefore, that the methods engineer who 
brings to bear on indirect labor operations his analytical methods 
study procecures is almost always aie to cevelop much better 
methocs ior coincg the work than huve »een used up to that tine. 
To establish stancards before the methods improvement work has 
heen cone will not only be foolish because of the cost reduction 
opportunities th..t will be missed, but will probably also be 
fatal to the success of the standards installation. Once 
stancards lave been established, the workers themselves will 
hegin to study methods, particularly if incentive wage payment 
is used, They will Ccevelop inprovec methods in some cases which 


will permit them to make earnings out of all proportion to the 
effort expended. More serious than this, however, is the fact 
that it will be possible to improve some jobs more than others, 
Thus inconsistencies in earnings will result which in all prob- 
ability will cause serious labor relations problems and may 
ultimately force the whole installation to be abandonec. Even 
if the standards are used only as a measure of performance under 
a measured day work plan, if the effort required to attain an 
acceptable performance is not fairly consistent from job to job, 
trouble will in all probability result. From every standpoint, 
it is essential to study and improve methods before standards 
are established. 


When good methods have once been developed, they must be taught 
to the workers if they are to use them. This seems self-evident, 
perhaps as we calmly analyze the problem today, yet one of the 
areas most neglected by management is the area of operator 
training. Just recently we observed a case where it took two 
operators two weeks to do a certain job. Analysis showed that 
they could have done the job in 4 hours if they had known how. 
But they didn’t and no one showed them. The foreman merely 
assigned them the job and left them alone. He probably did not 
know too much about it himself, for the fact that it took two 
weeks to do the job did not seem to disturb him. The men had to 
cut and try, experiment and fail over and over again until they 
finally got the job done, It must have been frustrating for them. 
It was certainly expensive for the company. Yet the whole incident 
would have passed unnoticed if the work had not happened to he 
under survey at the time it occurred. 


This case may be unusual in the amount of its inefficiency. But 
it is by no means unusual to find indirect workers who have 
received practically no training on the work they are doing. By 
neglecting this area, management is passing up an opportunity 
for making a major improvement. Training procedures have 
recently been developed which not only impart skills and “know- 
how" effectively but which also deal with attitude development 
or what we might call the "want to" factor. The results which 
they get are not only gratifying to management, but they are 
welcomed by the workers as well. 


Not long ago we were developing a training program for a group 

of maintenance workers. Under what we call the Master Training 
Concept or MTC, we always encourage the trainees to help to 
develop the program and to help decide on the areas in which they 
feel they need training. This particular maintenance group was 
composed of men who had 10 years or more of seniority. Yet after 
an exploratory discussion, they agreed that they first needed 
training in the correct use of such tools as the hammer, the 
screwdriver, the file, and the hacksaw, before going on to the 
more intricate phases of maintenance work. 
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The manacgeuent of this plant was somewhat surprisec at first to 
learn that their experienced men felt this elementary training 
was necessary. aAs they analyzec the inatter further, however, 
the reasons for it became apparent. The company hae never done 
any maintenance training of any sort. Their practice was to hire 
new men as helpers and put tiem with the more experienced men. 
The more experienced men were supposed to do the training. But 
since no one hac ever trained them, they themselves did not 
understand the work too well. When they finally hae the oppor- 
tunity to participate in a well organized training program, 
they welcomed it with almost pathetic cagerness, 


This same lack of training in correct working methods prevails 
throughout all areas of indirect labor. [Even in the toolroom 
where journeymen toolimakers are enployed, we often find a decided 
lack of understanding of correct ‘eeds and speeds. Aiter training 
has heen given anc the machines are run at the feeds and speeds 

of which they are capable, e markec increase in production in- 
evitabi, results. 


So when we think of Taylor's definite task and definite manner, 
let us never forget that the cefinite ianner must be taught. 
Taylor never dic, We patiently end painstakingly worked with 
people until they knew exactiy how he wantec the job done. Only 
then dic he apply his standards and incentives, Others who have 
attempted to follow Taylor have not Leen so patient. They have 
wantec to cet resulis overnight. They still co. When our article 
on Universal Maintenance Standards appeared in FACTORY last 
November, it mentionec the fact that we have ceveloped over 125 
maintenance time formulas. We were deluged with inquiries about 
how these formulas might be purchasec. The balance of the article 
which carefully described the organization work, methods studies, 
anc training activities which must precede the introduction of 
stencards was passed over by those who were seeking quick and 

easy solutions to their problems. 


Taylor warned against this way back in 1903, He saic in his 
paper “Shop Management™ 


"Another important iactor is the question of time. 

If anyone expects large results in six months or a year 
ir a very large works he is looking for the impossible. 
If anyone expects to convert union men to a higher rate 
oi procuction, coupled with high wages, in six nonths or 
a year, he is expeciing next to an impossibility. But if 
he is patient enoucli. to wait for two or three years, he 
can co among almost any set of workmen in the country 
and cet results." 


It is true that our methods engineering techniques have heen 
considerably improved since Taylor's day anc that we can now do 
most phases of the work more quickly than was possible in his 
time. Nevertheless we cannot short cut any of the steps indicated 
by his formula if we expect to obtain results of lasting value. 


So we come at last to the final step in Taylor's formula, the 
definite time. Although this is the step which is the title of 
this paper, it is impossible to deal with time intelligently 
until we have pinned down the factors of organization, methods, 
and training quite firmly. ‘Vhen this has been done, the problem 
of establishing time even on the rather irregular low quantity 
work that is usually considerec as indirect labor is not partic- 
ularly difficult. 


The tools used for establishing standards for indirect labor are 
the familiar work measurement tools oi the methods engineer-- 
time study, precdeterminec motion time standards, work sampling, 
and time formulas and standard data. The factors which determine 
how these tools will be used are the repetitiveness of the work 
being studied, whether or not the method can be established in 
acvance by management, and whether the element sequence is 
regular or irregular. A few examples will show how this works 
out. 


Toolmaking is usually non-repetitive work. It is similar to 

the work done in job shops except that the precision required 

is usually greater. The methods ky which any tool will be mace 
can be predetermined with reasonable exaciness. The element 
sequence is regular, that is to say the order anc frequency in 
which various motion groups are used is quite consistent from 
job to job. The establishing of time standards, therefore, 
presents few ii any problems that are not encountered on 
production work. Time study and/or predetermined elemental 
times may be used to measure the elements oi the work, and work 
sampling may be usec to determine the allowances which must be 
added for fatigue and personal, unavoidable, and special delays. 
The time data thus gathered must be put together into time 
formulas or sets of standard data. Because of the small quantities 
involvec, the formulas riust be careiully designec ior ease oi 
application. Although it requires a first-class expericnced 
methods engineer to cevelop standards for toolmaking, the work 
involves no problems which have not been met and solved many 
times before. 


Receiving, storekceping, and shipping involve somewhat different 
problems. If the plant is a mass production plant, these 
operations become highly repetitive end are very little 
different from a work measurement stancpoint than the direct 
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labor operations. ‘When the plant produces a variet 

products in quéntities ranging irom low to meciun, 

the work measurement problem becomes more complex. The methods 
ed used can be predetermined with reasonable exactness, bui the 
sequence of elements is decidecly irregular. Indeec, it is so 
irregular that it was thought for many years that it was 
impossible to establish accurate standards for it. Standards 
based on such over-all units as pounds of material handled, 
carloacs sliippecd, and the like were tried, but where the work 
was of highly variable nature this did not work out well. The 


, most successiul approach has been to measure the individual 
work elements, to develop time formulas, and to devise a means 
, for quick and inexpensive application. 


Although the elemental times for performing receiving, store- 
' keeping, and shipping operations can be measured by time study, 
the use of predeterminec elemental times such as those provided 
by the MIM procedure has been found to be particularly advantageous. 
“ When more than one methods engineer is used to collect time data 
by time study, the problem has always been to get them to use the 
same elemental breakdowns, If the beginning and ending points 
usec for each element by each methods engineer are not exactly 
the same, the data they collect may he practically valueless, 
When a precetermined elemental time procecure such as MTM is 
usec, this problem disappears. ‘Vith every motion identified 
and recorded, the grouping of motions into elenents can be done 
at any time and in a uniform manner. 


In addition, where work is of an irregular nature, it may be 
Cifficuli actually to observe every element of the work in a 
reasonable length oi time. Some elements are used infrequently, 
and the methods engineer may have to wait for some time before 
he gets the chance to time them. If he knows what the elements 
are and can visualize how they will be performed, it is a simple 
matter to determine the time for performing them with MTM, 
Experience has shown, thereiore, that it is considerably quicker 
to develop elemental time standards for receiving, storeroonm, 
anc shipping activities with MYM than it is by time study. 
hen the elemental times are available, it is often a consicerable 
blem to determine the frequency with which each element occurs 
ind to develop time formulas from weighted averaces oi element 
groups which will yiele standards Oi satisiactory accuracy. The 
time formulas themselves must be so compiled that they can be 
applice quickly by clerical personnel. The most successful 
t installations call for establishing standards for each piece of 
peper handled such as received material reports, stores requisi- 
tious, or shipping orders. Since the volume of these papers is 
usually considerable, the standards application procecure must be 
quite simple. A setup that has proved satisfactory in many cases 
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is to have a female comptometer operator relerring to tables of 
standard data compute the stancard and record it on each 
receivec material report, stores requisition, or shipping order 
handled by the group she services. “hen the work has been 
completec, the group leader turns in the papers to a payroll 
clerk who adds the time standards recorded on each paper to 
determine the Lotal hours earnec. By comparing these to the 
total hours worked a measure of periormance is obtained. This 
arrangement requires the daily development of time standards, ior 
it is impractical to attempt to record and reuse the individual 
standards since the same quantities and groupings of parts or 
products seldom repeats. The increased production that results 
from the measurement and control of receiving, stores, and 
shipping work, however, is always much more than enough to pay 
for the additional clerical cost of administering the plan. 


The approach to the establishing of standards for janitor work 

is similar to that just cescribecd, except for the problem of 
application which is usually simpler. Standards are developed 
irom elemental times combined anc weighted in accordance with 

the trequency with which they occur. The major problem here is 
to determine when the work called for hy a civen standard has 
been performec satisiactorily. In other words, how clean is 
clean? The best solution varies with the conditions existing in 
the ovlant, but with proper study anc analysis it can be ceveloped, 


Inspection, which is oiten classec as indirect labor, presents no 
unusual work measurement problens, but it is similar to janitor 
work in that it is somewhat Cifficult to cetermine when a satis- 
factory job has been Cone. lost companies who have measurec 
their inspection work and have paid for it on an incentive basis 
report that the quality of the inspection work improves. ire-: 
quently a check is maintainec Ly laving random samples oi in- 
spected work rechecked Ly enother inspector from time to time. 


The measurement ois the work periormed by laborers, handy men, 
material handlers, aud helpers is difficult only if the tasks 
they are required to perform are indeterminate, Before measure- 
lianas CAN De undertaken, the tasks they are to do must be mace 
specific. Thereaiter the measurement problem is the same as for 
any other low quantity work where the method can be predetermined 
and the element sequence is irreyular. The application problem, 
on the other hand, is likely to be quite difficult because of the 
variety oi tasks Cone and the small number of people involvec. 
Often the standerds are more valuable for determining the number 
oi people required for a given level of business than they are 
for the checking of individual performance, 


I have left a discussion of maintenance standards until last 
even though this is one oi the most important activities to 


measure and control, because it requires a somewhat different 
approach than the other indirect labor activities. This is 
because, as I have already pointed out, it is oiten not possible 
to establish in advance the exact metiod by which any given 
maintenance job will be cone. The conditions of the work are 
highly variable, and it is impractical to specify the exact 
motion patterns the maintenance worker shoule use. This does 

not mean that it is unnecessary to give training to maintenance 
workers. Far from it. But it is training in methods of handling 
the tools oi their trade and in planning how to go about doing a 
job rather than training in the exact motions usec in tie perform- 
ance of specific maintenance jobs. 


Because methods vary so, it is impractical to attempt to estab- 
lish standards which will be accurate for individual jobs. 
Instead we must turn to statistical concepts for a solution to 
the problem. Instead of saying that a given job shoulc be done 
in say 118 4 minutes, we can say that the job should be done in 
from 105 to 140 minutes with the chance of being right at least 
9 times out of 10. This range of time is callec a standard work 
grouping. In any given installation, standard work groupings 
are set up to cover all the maintenance jobs from the shortest 
to the longest. The range of time covered by the work groupings 
is long enough to make it easy for a man thoroughly failiar with 
maintenance work to place any given job in the correct group and 
short enough so that when the hours earned are compared with the 
hours workec over the period oi a week or a pay period a reasonably 
accurate measure of periormance is obtaince. 


This concept which has acquired the name of Universal Maintenance 
Standards or UMS solves the proklem of standards application very 
nicely. Standards are quick and easy to establish. Indeec, they 
are so easy to establish that it is oiten asked if the same 
coucept cannot he extended to others classes oi indirect labor. 

It can, of course, but to us it scems that if it is possible to 
measure work accurately it is more satisfactory to both management 
anc the worker to cdo so. Only when accurate measurement is in- 
possible because it is not possible to standardize methods shoul¢ 
statistical concepts be employed, at least at this time when so 
many people do not understand the practicality of statistical % 
approaches. 


In this discussion oi indirect labor standards, I have assumec 
that the standards are to be usec for periormance control 
purposes, The standards may he usec either under some ‘orm of 
weasurec day work or for incentive wage payment. Of the two, I 
perscnall; favor the latter. ‘Yace incentives, properly acmin- 
isterec, are fairer to the workman in that he is given the oppor- 
‘unity to earn in proportion to his ability and application to 
the job. [rom management's viewpoint they result in higher 
production. 
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But note that I saic when properly acministerec,. There have 

been so many cases where wage incentive installations have been 
unsuccessiul that prudent management will wish to consicer care- 
fully before embarking on a wage incentive installation. It 
requires consicerable management skill to use incentives success- 
fully. It requires proper training of all management and super- 
visory personnel who are the ones who will administer the plan 

on a day-to-day basis. It requires a certain tough mindedness on 
the part of management to resist the efforts that will most 
certainly be made from time to time to weaken the eilectiveness 
of the plan by introducing provisions contrary to the principles 
on which incentive payment is based, as for example, the too 

free payment of average earned rate. 


Above all, however, it requires the willingness on the part oi 
management to have the installation made right in the first 
place. Management must have the patience to permit the necessary 
stucy oi task organization and methods to be mace first. It must 
resolve no longer to neglect the all important area of operator 
training. Only then should it expect to have standards establisled, 
Only then will the stancards be satisiactory for wage payment 
purposes. 


The measurement of indirect labor oifers an unusually fruitiul 
source 01 cost reductions. It can do much to enhance the 
competitive standing and tiie profitability oi any company. But 
it can do these things only if the installation is mace properly 
witi: full attention applied to the definite task and the definite 
manner accompanied by proper training. ‘“Yise management will 
insist that these precece ihe establishment of the definite time. 
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INDUSTRIAL ENGINEERING APPLIED TO RESEARCH 


Joseph C. Moquin 
Chief, Management Services, ABMA 
Huntsville, Alabama 


Having recently become associated with the Army Ballistic 
Missile Agency, as the Chief of the Management Services Branch, 
I cannot speak with a great deal of authority about all the 
possible applications oi industrial engineering to the research 
field, However, my past experience as the Director of the 
Ordnance Management Engineering Training Program and the 
consulting work that we did with many Ordnance installations 
throughout the country, has made me aware of some of the more 
important roles that industrial engineering can and does play 
in this field. My discussion today will center mostly around 
approaches to the initial phases oi organizing the Ballistic 
Missile Agency and the role industrial engineering has played. 
In addition, I hope to point out some oi the approaches that 
may be useiul in the iuture when we become more intimately 
associated with the research activity in the laboratories 


_thenselves. 


Industrial Engineering, or the management engineering iield, as 
it is known in this Agency, is concerned with assisting managers 


- in determining more eifective methods oi operating an organization. 


Regardless oi the level oi work performed by the industrial 
engineer, regardless of the level oi the organization in which 
he works, and regardless oi the complexity oi the particular 
situation he is studying, there is @ similarity in his approach 
to finding the better way or designing @ work situation, Many 
of us have spent most of our time as industrial engineers 
studying situations which have strong Likenesses in one plant 
with another and certainly one situation with another. We 

have become accustomed to almost automatically seeking facts 

in a uniform manner and evaluating those facts against well 
defined criteria with which we have been familiar many times 

in past problems. Our ability to synthesize a new or improved 
work pattern has in many cases followed the routine of a step 
analysis and evaluaiion of facts. In the manuiacturing iield, 
where there is reasonable process control and where the 
applications of methods and process study, time study and other 
means of fractionating a problem are well known, techniques 
have become an almost rote procedure. Perhaps the single 
greatest dissimilarity in the industrial engineering approach 
to research activity is the fact that there is no rote procedure 
or exact similarity in one work situation to another. The | 
development of improved ways of organizing or performing work 
can be achieved only through our ability to apply our approach 
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us &@ sCientiiic tool. In aany cases, we siust not only uake 
an anélysis oi the situation itseli, but Cetermine what kin 
of an analysis will develop the facts in such &@ manner as to 
permit solution to the problem, or achieve establishee objectives, 


Perhaps a description oi the épproach that is heing usec hy 
the industrial engineers woule be oi interest to you irom the 
standpoint of understanding how a systematic procedure is used 
in épproaching problem solving. ‘Yhether we desire to improve 
or to design an orgéenization, &@ procecure, the development of 
a policy, or the Gevelopuent of a work method, the scientific 
approach which is used by the industrial engineer, and his 
ability to cowmunicete with other people in the organization 
at appropriate points in the development of the solution, is 
really the key to his success. 


In formalizing this approach and in using it as & means oi 
controlling projects in the industrial engineering department, 
the iollowing phases are being used to guide the engineers and 
to provide means oi evaluating their work. The journeyuan 
level of industrial engineer must, of necessity, do a great eal 
of work on his own in gathering cata in terms of an objective, 
evaluating that data and performing the proper synthesis of the 
new or improved way. The ability to properly supervise the 
industrial engincer cepencs to a large Cecree upon the ability 
oi the supervisor to know enough about the project to recognize 
when his broader experience may be used iruitiully in the project, 
as well as assure ihat the project is progressing satisiactorily, 


The phases oi projects are as shown on the following slice: 


PROJECT CONTROL 


PHASE 1 - Establish Goal 
Make Preliminary Analysis 


PHASE 2 - Analysis 
PHASE 3 - Evaluation, Synthesis 
MASE 4 - Test, Trial, Implementation 


To jurther describe these iour phases, i will show a slice oi 
the items which are considered under phase #1, 


PROJECT CONTROL 


HASE 1 - Establish Goal 


A. General goal in terms of overall achievenent. 
B. Specific goal in terms oi actual savings or 
other achievenent. 


| 

| 
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C. Preliminary analysis to determine: 


1) Time to complete study. 

2) Facts to be gathered. 

3) Cost and time to make ehanges. 

4A} Anticipated personne! moves. 

5) Current investment in skills and equipment, 


Thus, we see that at the conclusion of phase #1, it is necessary 
that the engineer have developed his objective and his approach 
in enough specificity to permit the beginning of the gathering of 
data, In some rare instances, this first step may be a matter 

of form, but in most cases this is a well defined step. The 
desired goal, or achievement, nust be fully agreed upon by all 
persons concerned. This must be fully understood by the industrial 
engineer so that his analysis oi data will not be subject to his 
own intuition or his own insight into the problem but will more 
closely fit the needs of the manager, himself, in approving or 

or deciding to use the results of the staif study. : No such 
assurance can be gained where an aura of mystery surrounds the 
data gathering stage.and the eventual synthesis of the new or 
improved pattern.. 


One oi the first industrial engineering approaches to the 
organization has been the design of the organization structure 
itself, This involves the relationship of the staff and line 
organizations and the organization of each subordinate division. 
This has been of extreme importance in this organization because 
of the unusual nature oi the product and the,absence of the usual 
criteria of efiectiveness. Therefore, the effective organization 
in this case becomes a complex study of the authority and 
responsibility of individuals and departments and the relation-~ 
ship that these departments have with one another ‘in the 

carrying out of the various functions, A similar approach to the 
linear responsibility and authority chart as printed in a past 
issue to Dunn's Review has been used for the overall organization 
design. This has been used primarily to achieve sone perspective 
in the assignmesat of functions and activities to elements to the 
organization within the desired relationships as established by 
the Commanding Generai., As each clement of the organization 


‘grows and develops its working patterns, they are continually 


checked with the overali organization design as portrayed in 
the relationships shown in the accompanying chart. 


FUNCTIONS 


ORG 
ELEMENTS 
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The major difficulty in approaching the design of an organiz- 
ition of this type, is the absence oi the usual criteria of 
effectiveness or the objective. In this case, the objective 
can be more closely defined as achievement of full potential 
of the personnel and facilities available to the organization, 
This cannot be statec in terms of other than what is felt hy 
all managers of the organization as heing within reach in terms 
of research and development. In describing the relationships 
of the organizational segments ; the categories as shown in the 
next slices have heen usec. hese are similar to those show: 
in the article reierred to above, but are somewhat different 
to allow for the specific application in this case. You will 
note that these deiinitions show the manner in which comnuuni- 
cation within the organization must be developec. As a result 
oi this overall design, the next approach will be to cevelop 
procedure and policies necessary within each function. 


Each staif and line function must then develop its communi- 
cation system; policy, procedures anc other direct ives. 


In the effective operation of any organization is the coordin- 
ution of ali elements of production through a work planning ane 
control system. In the case of research endeavor, this is a 
Vital necessity since the carrying out of a procram course of 
action wust continually maintain its flexibility to permit the 
achievement, Therefore, all progress plans must he 
developed near a@ central organization who can, with perspective 
observe the achieveuwent of each clement of research ane its 
eventual transition into the production stace oi manuiacturin 
This iaust be so cesigned to permit a central view oi all 
operations with coumunication down to the lowest clement with 
sufficient degree oi sensitivity to change the course of 
direction of the whole when required, or to 
performance of subordinate research endeavor 


coordinate t! 


© 


The planned phases of work in the developuent of a missile, with 
the improvements that have been obtained through piesa 
dev velopnent anc continued research, can be. fairly eccurétely 


predicted, However, this may be considereg to be more of a 
turget by which time another missile with its accompanying 
improvements will be fired. S3uch a chart, which res es the 
lead-time chart of any production activity, is shown on the 
accompanying slide: 


Phases v—O WY Begin Ada. work 
Begin physical work 
Developuent Vv OCoiiplete physica 
work 
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However, the system of communication which must be devised, 

must provide the means by which adjustment in any phase of the 
development of any element oi the total missile can be 
effectively and economically achieved, This must be seen in 
perspective by a central organization, as was stated above, but 
must not burden the operating elements with the need for 
reporting and supplying data continually. Especially is this 
true when one may be imposing a need that cannot be met by the 
working elements of an organization, and thus results in a 
synthetic supply of information and an overall ineffective 
control system. The ability of an organization of this type to 
fully program its activity and carry out a desired firing 
schedule, will be dependent upon the ability of the subordinate 
units to accurately reflect their situation in terms to be 
meaningful to a central and top level control. Not only must 
this be present in the system itself, but it is a method of 
operation which must be accepted by the organization as a 

whole. All too many times, we have heard the statements by 
many sources that research activity has been hindered, more 

than assisted, by the management experts who control the activity 
of the research scientists, This may be true in many instances, 
but is certainly not to be considered justification for allowing 
research activity to develop by itself or to expect it to be 
effective in achieving any desired goais without the means of 
effective communication and control. 


It may be considered rather ridiculous by some to think that 
costs are important to research activity, especially when one 
considers that the cost of a program may be justified only in 
terms of how weli it has served the country as a whole. However, 
costs are important in that there still exists a need for 
budgeting and there must be a means of comparing budget against 
accomplished pian, This must be in terms of items which are 
independently important in the research area. And the consider- 
ations must be given to money spent in the facilities which wili 
be avallable to the organization in 1ts continued program of 
research as well as the monies which wili be expended in material 
and labor in achieving research progress or development progress 
through the firing of successively more accurate and effective 
missiles, From the lead-time chart which I have just shown you, 
lead=time controls can be, and are now being established, for 
use in integrating the entire system of control. These follow 
very closely the outline as presented by Dr. Lazarus in his 
previous appreach. The'detail which he has proposed has not 
been attained to date, but will be integrated in the system 
within a short time. 


Another area of interest to the organization as a whole, which 


must be studied by the industrial engineering department, is the 
determination of the amount of manpower which will be needed to 
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eifectiveness olf the croup. The work oi peophe°in an organization 


4 


of this sort covers 


ihe wateriront. activities from pure 


scientiiic research to actual work with hands and machine tools 


are accomplishec by people. The repetitive nature oi \ 
variability of work and the short run nature of wo 
will, undoubtedly, prohibit the use of conventiona 
Some accomplishnents in this area have already hee 
ther installations than the one in which I &m cur 
Perhaps a cood example of the kind of approach + G 
necessary is a very Simple application oi standar: 


situation. If we recognize that maény will not be 


vork, the 


rk ied 


in 


an office 


performing work which is susceptible to establishment of 


find itself in terms of allowances for non-standard wor 
the particulér case we are using for example, I will s! 
several slides which will indicate the approach which w 
to &@ clerical force of six people. 


stancards, we will probably develop the need for a4 control ove 
ménpower in terms of both standard performance and perha 
more than a record or justification of other work. This aa 
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The nature of the work of this clerical force was similar to 
uany offices in thai all types of typing, collating, stenograph 


and clerical tasks were heing performec. In addition, 


a system of registering and controlling student enroll: 
first question that was asked about the work iorce wis 


percentage oi work was spent in the various types of work 

would lend themselves to standard setting and those that 
be allowec as a ilat percentage allowance and those that m 
otherwise be accounted for by maintaining records. The fi 
slide shows the percentage of time in these various cateco 


Category 
Category 
Category 
Catecory 


- Productive Time ~ Standard 
Productive time ~- Non-Star 
- Personal Time 

- Interruption Tine 


Che 


The next determination was to find out of the standard 
which in this cése appeared to be approximately €0% oi 


ing 


even 


ic 


a library 
was being operated, a receptionist was doing these tasks in 
addition to the receptionist work, and one girl was maintaininc 


aent. ne 
wha at 
thet 
icht 
ight 
rst 
ries. 


work, 
the 


total time, could be placed under standar:? by usine stopwatch 


time study or other approaches. It was ioune that the 


of tasks in this area was rather large since it coverec 


amount 


a 


highly variable nature of work in- that letters coule be 4 pace, 
% pag e, full page, or more than one page, and other degrees of 
work which would necessitate the setting oi several types of 
standards as well as maintaining accurate records ot work 
performed. However, it was cdeterminec economical to establish 


standards by stop watch and predetermined time studies. 
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some cases where the variability was such that we found standard 
elemental data economical, this approach was used. As & result 

of the study, allowances were made for personal time, interruption 
Lime Cwhich was translated to be productive work which was not 
ee the control oi the operator), and procuctive on non- 
standard work which were itens which were not susceptible to 
Lime study. 


The administrative controls were then established on the basis 
that il was expectec that approximately €0% of all work would be 
per formed under standard. The operator pee receive full credi 
for standard minutes ior work actually perto med in acdition, 
she would maintain the elapsed time on work of non-standard 
category. This meant that she would get credit for the actual 
elapsed time on these duties. Since the total allowable time 
in this area was about 20%, it was felt that this was more in 
the form of an allowance than actually stancared performance. 
The total efiiciency of an operator was calculated on the 
standard minutes produced, the elapsed minutes of non-standard 
time produced as opposed to the amount oi minutes curing the 
cay aveilable to her. This excludec personal time and inter- 
rupticn allowance. Records maintained under this system hav 
necessitated a very small amount oi time on each operator in 
waintaining daily records. It results in approximately % hour 
a day of the Office Manager in tabulating the total results, 
but gives a complete picture within the limits of the system 
of performance and, naturally, translation to required manpower 
ecs for the office 


The administrative control over manpower in activity of this 
nature will probably resemble this system just describec, 
There is probably a question in everybody's mind concerning 
the type of labor controls over research activity itself. Here 
{ think we have to evaluate performance with a much ciilerent 
concept then is typical. ‘Ye are using the talents of a 
scientist, a@ man who is stimulated to think in terms of the 


’ 


objectives le bas to reach and whose success and performance 


will be measurec by his ability to use his thinking and resources 
to the best advantage. Light can be no standard as such over 
such an activity, but there may be coordination over the achieve- 


ment of his work and the eke of stages of achievements 
through which he may go in reaching its immediate goals. 
owever, the actual anount of people who could be considerec 
in this category are perhaps not as greél as we may think in 
most of our research organizations. ‘Ye must supply several 
kinds oi service and support to the hasic research effort. 
These, to achieve their full measure of success, will probably 
be more casily adapted to standards of periormence, Our man- 
power needs in this area and the amount oi: difficulty that a 


e 
Lc 
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research individuél must expenc in coorcinuting the eliorts o 

people who service and supply him, will be a bic ring 

the type of manpower controls exercised, 30 to sua up the 
ti 


area 
olf manpower controls, there must he & combination of atministrat 
controls which will depend upon several means of measurenzent 
These measurement devices and the method in which the controls 
are exercised must be in terms oi their support and service to 
the basic research eiiort, as well &s some goal establishment 
for the research efiort itseli with guice marks along the road 


toward inmediate goals. 


In summary, the major areas of interest in the industrial 
enginecring field in this area oi research are as shown in 

the accompanying chart. I have discussed most of these in 
detail with the exception oi description ci some of the types 

of projects which may be assicnec to industrial encinecring. 
These, I feel sure, will continue to be the type that we 
normally encounter in any activity. aA problem will he cescribed 
a ready solution will not be available, therefore, an objective 
method oi iact finding, evaluation and synthesis must be 
enployed, 


The industrial enyineering eifort will undoubtedly he an 

important contribution to the success oi a primarily research 
activity as it has been in many of our industrial activities. 
There are perhaps more precautions in this area than we normally 
find in the industrial area, that must be observed if 


» © 


we ere to 
achieve iull success, I say this to encompass the whole fielded 
of research where many industrial engineers have found frustra- 
tion and sometimes rejection at attemptine to supply their 
services in an wrea which is not susceptible to any typical 
approach. Here the industrial engineer must he truly creative 
in his thinking, and broac in his perspective in echieving 
results. You must recognize that the success of industria 
engineering is not dependent upon excessive controls, hut upor 

ic 


establishing a flexibility of operations within wh 
solution oi many probiems may be sought. 
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MAM 3 aA LINK IN COMPLEX MACHINE SYSTEMS 


appiie’ Piysics Li’ oratory 
rae Johns hopkins: Juiversity 
Silver Spring, Meryland 


ke St wap, sicny couplex wéchines machine-sys 
were Cevis ra put into use. They were not always successiul, 
ane were poorly conceived or Lacly constructec, 
Jory osten trey sailed because they cenenced more of 
operators tnan humén operators coule suppl; Personnel selection 
tecinigues , whieh were Cevelopecd to a iqirly degree between 
the wars, were taxec to the liuil to provide the kincs oi skille¢ 
operators that the new weapons requirec., One of the major Cisii-~ 
cultics arose from the fact that the sae general abilities wer 
requirec of operators oi: o. the new l.ardwere, They deiancec 
a fairly high level os -intellicence, sone aptness ior things 
electrical anc mechanical, as well as some trainine along those 
lincs. Neecless to say, there weren't enouch of the richt kine 
oi people to co arounc,. Training procecires were slow an’ costly 
likewise. It early becane evitent that the situation could be 
eased somewhet if the man's role in san-machine systems were 
careiully with the view in mind of ‘simplifying his 
task. It was thought that if machines coulc be cesigned hy sen, 
they could eR be designec far men, and in so doing, thet 
is, by taking ecvantace of man's inherent capahilities, less time. 
and effort woule€ have to he expended on his training and in 
cleaning up aiter his sistakes 


Since the war the probleia nes hecouc, if anything, more acute 
J 


the tempo oi all livin it becomes inperative thet 


we utilize every ceventace thet aan hes to offer us, and that 

we force on him as few l.ancicéps as pont Py Whether we like 
it or not, man is here to stay, anc ior a long time to cone he 
will continue to be é& ost inportant link somewhere in the chain 
gi every machine system. aAiter 611, when you think about it, 
he*s not such a bad thing to have ground, ‘Where else can you 


i 
find a combination of s 


motor and computer that is cheap to 
aeintain and can he wass 


cd Ly relatively unskilled labor? 


l/ The speaker wishes to thank the Jepartizent of Psychology of 
The Johus Ylopkins University, and specifically, Dr. A. Chapanis 


| 

Oi that Cepart.uent, use os the illustrations in this 
telk. Much of the material contcinece herein is the result oi 
work gerioracc at The Joins lopkins University under contract 
with the Specicl Device Center of the U. 3. Navy and the Office 


of Néval Research. 
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In considering mén as link sox achine systeus re 
ere several levels trou the prohiea Le viewee, The 
first is a rather broac concept of wan as e series or parallel 
link. Figure 1 is an example of wan opereting as a series link. 
Here the racar operator serves as a link between the racar 
itseli and another man, Data in terms of space coordinates are 
taken from the visual display and relayec by voice link ir this 
case to another man--2 pilot perhaps, =-to be usec for navicae 
tional purposes. Figure 2 is an exauple of man as a parallel 
link. In this cése, he is a pilot and he is in parallel with 

an automatic pilot. This use of an electrommechanical systeu 

to relieve the human of a boring and routine type of operation 
is & recommended one. Now, of course, the dancer inherent in 
using & man in one of these fashions lies in the fact that, 
unlike a machine that operates as cesigned to Co--urless of 
course it breaks cown=-a aan way change his moce of operation 
unpredictably and without warning. was moment aro 4 


pertectly adequete series or parallel link may succcnly becone, 


és in 3, &@ Closed link. CEven psycholocists haven't 
found the nswer to this problen yer. 
and justifiably so, I Link. Let us return .or moment to our 

uirplane pilot whe is suc! o0c exdiiple of so aan; 


In essence, when flying his "pleas he is acting as a servo. 
Figure 4 will show you what I[ mean. Ile receives feedback inputs 
from his instruments, irom the sound of his engine and from the 
general feel of the aircraft. He translates these inputs into 
corrective actions whose results are immediately fed back in 
return. The adequacy of man's transfer function within a servo 
system is dependent on what is expected of him. In hovering a 
helicopter, he does a remarkable job of maintaining a fixed 
position. If done by a computer, the solution of some 13 
Simultaneous equations would be required. Given the usual lag 
in control systems, the likelihood of his anticipating the 
results of his control movements so as not to overshoot is very 
remote. However, if “anticipatory" circuits were used in the 
system to display the effects of control movements in advance, 
his job could be performed much more adequately than at present. 
For these and similar operations, such as diving a submarine, it 
would be desirable to use electronic aids to integrate for him 
and use him as a simple amplifier in the system, It must be 
pointed out, however, that this is considerably more complex 
than it sounds, because the response characteristics of the 
vehicle vary as a function of the velocity and altitude. In 
fact, in some of our newer transonic interceptors, control 
responses may approach zero and even reverse themselves at about 
Mach 1.25. 
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Man's motor outputs appear to have a band width of about 10 
cycles per sec. with a natural oscillation of about a hali to 
one cycle/sec. Care should be taken to avoid putting him in a 
system with a resonant frequency which will be amplified by 
this 1/2 to 1.0 cycle per second oscillation. ‘This is suspect 
in the tearing off of the wings in at least one of our new 
transonic experimental aircraft which apparently had a resonant 
frequency in this range, 


If man is to be used in a servo-type system, then it were well 
to provide him with as much input information as possible. 


Figure 5 presents a sunmary of the desirable characteristics of 
a man-machine servo. 


Auditory feedback from the sound of the motor combined with a 
visual indication and the feedback from the muscular response 
all contribute to more precise control than would be possible 
otherwise. A common complaint today comes from users of auto- 
mobiles with servo-assisted equipment that fails to provide a 
proper amount of "feel" in the controls. 


The second level from which the problem under discussion here 
may be considered deals with more specific things. To begin 
with, the human may be looked upon as a link between displays 
and controls. He receives an input from a display or a group of 
displays, he interprets the information provided and selects the 
proper response. Usually his response is made effective through 
some system of controls. Figure 6 shows in a schematic fashion 
one situation that is descriptive of what I have been saying. 


It becomes evident at this point that the proper design of 
displays and controls is important, 


From almost any standpoint you may wish to consider it, we obtain 
most of our information from the world about us through the 
medium of our eyes. This is true for the machine operators in 
industry, for the pilot of an aircraft in the military or for 
anyone engaged in the ordinary pursuits of everyday existence. 
For that reason, visual displays whose purpose is to convey 
information, are important whether they are for such specialized 
tasks as driving a truck, piloting an aircraft or controlling 
airport traffic, or for less specialized pursuits like advertising 
or education. If they fail to convey information because of 
ambiguity, illegibility or whatever cause, they may be art, but 
they are no longer visual displays in the sense that I mean. 


In the main, industry and the military are concerned with displays 
for specialized tasks, and since they are usually visual displays, 
I intend to concentrate on that aspect oi the problem today. 

These displays, very often, though not always, take the form of 


24-3 


— | 


~ 


t 


dials such as speedometers, pressure gauges, altimeters and the 
like. Generally, it is important that the information they 
convey be readily interpretable -~ speedily and accurately. 
Therefore, it is vital to know something about the perceptual 
capacities of those who are going to interpret them in order to 
design them so that they can be read quickly and without error. 


Instrument dials, which are the type of display I want to talk 
about mainly, can be divided roughly into three categories. 
Figure 7 shows schematically what these three categories are, 
First, there are those that are used for “check" readings--they 
usually give “either"-"or" information and are used to tell an 
operator that something is "on" or "off" -- working or not 
working. Or they may be used as warning devices. Second are 

the qualitative instruments. These usually indicate the state 

of something with the addition of a directional component. Many 
dials designed for more quantitative purposes are oiten used by 
the operator merely for the qualitative information they provide. 
One example that I know of concerns the manifold pressure gauge 
and cylinder head temperature gauge in certain types of aircraft. 
Pilots report that their instruments give much more precise 
indications than they ever need or use. All they want to know 
is whether the readings are reasonable and to be able to see 
when they begin to go off. The third type of instrument is the 
most common one and the most important one, since it provides the 
operator with fairly precise quantitative information that can be 
vital to his needs in many situations. When dials of this sort 


have to be read quickly and accurately, their design is particu- 
larly important. 


The next slide, Figure 6, shows three military equivalents of the 
kinds of dials I have been discussing. The “check" dial in this 
case is a bank of lights, the “directional" dial is an aircraft 


bank indicator and the quantitative dial is a radio compass used 
for navigation. 


One important quantitative dial that is extremely important in 
airplanes is the altimeter, Failure to read this properly can 
lead to disaster. Some years back a survey was made of dial- 
reading errors among Air Force pilots, and one result of that 
investigation was the finding that the three pointer altimeter 
was about the most difficult aircraft instrument to read 
correctly. 


Figure 9 shows clearly the conventional three-pointer altimeter 
and one type of reading error that is extremely common with then. 
A carefully controlled experiment with 97 experienced pilots 

and 79 male college students showed that in reading altimeter 
settings at rapid rates the pilots made errors of 1000 feet or 
more about 12% of the time and collece students about 17% of 
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the time. As 4 follow-up, five different types of altimeters 
were designed and tested similarly. All five proved to be 
better than the one in use in terms of time taken to read and 
number of reading errors committed, I'm sorry that I don't 
have a slide to show you the tive types of altimeters tested, 
but I can say that the instrument that fared the best--and 

this is not surprising, of course,~-was a direct-reading counter. 
Mechanically, such an instrument is impractical to devise for 
that particular use. However, another instrument that was only 
slightly worse than the Girect reading counter, was the combin- 
ation of a single multi-revolution hand and a direct-reading 
counter, The altitude in thousands oi feet was civen by the 
counter while the single hand denoted the hundreds, 


The development of such an altimeter that would operate directly 
on barometeric pressure proved to be not an easy matter. The 
first attempts were not altogether successful, since an absolutely 
foolprooi instrument was required-~one that could not become in- 
operative due to mechanical or electrical failure. Much time and 
effort (nearly five years* worth, in fact) have resulted at last 
in success, 


This type of instrument is now being produced commercially and 
will probably supersede the conventional three-pointer type in 
time. 


If you ever stopped to think about the design of instrument 
dials, you were no doubt impressed by the number of ways they 
can be varied, Size, shape, size of scale interval, type of 
scale-linear, logarithmic, etc.--type of lettering, type of 
pointer-- these are only some of the ways. The effect of all 
of these factors has been studied in more or less of a system- 
atic fashion, and to review them all here would take more time 
than Il have at my disposal. There are three that I do want to 
mention briefly, however. These are the effect of the size of 
the marked scale interval on accuracy of reading, how scale 
numbering effects the accuracy, and the eifect of different 
dial shapes on accuracy of interpretation, 


Figure 10 shows the three perceptual steps that are involved in 
reading a dial scale when interpolation between marked intervals 
is reguired. It is self-explanatory to a large extent. It 
doesn't take long to decide that the pointer is somewhere 
between 2.4 and 2.6, It takes a little longer to see that the 
pointer is between 2.4 and 2.5. Often this is enough accuracy 
to suit anyone, but occasionally it is necessary to interpolate 
a little more closely. The problem at hand then, is to know 
just how the distance between the marked intervals aifects 
accuracy of interpolation. An experiment on just this problem 
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was performed and the results are slown in Figure ll. It is 
evident that for very small scale intervals the relative error 
is large, while the absolute error is small, and that as the 
size of the scale interval increases the relative error decreases 
until for a separation of 10 mm, it reaches a minimum and stays 
there, The absolute error, however, continues to increase. 
This relation holds, incidently, over a very wice range of dial 
sizes, The inference to be drawn from these results, then, is 
that no advantage, in terms of accuracy of interpolation, is to 
be gained from marked intervals larger than 10 mm, but that 
intervals any smaller are liable to result in an increase in 
the size oi the error considered as a percentage of the marked 
interval. 


Researchers in England some years back made a thorough study of 
the accuracy with which people could read dials with different 
numbering systems. No purpose would be served in giving you 

all of the detailed and complicated findings of that research, 
but Figure 12 presents a brief summary that will give you some 
idea of what was demonstrated, There is, of course, nothing very 
profound in what you see there, but one doesn’t have to search 
far anywhere today to find scales that violate these principles. 
What this slide doesn't show, but what were also conclusions 
reached by this study, were (1) the fact that scale numbers that 
are decimals, as opposed to whole numbers, are harder to work 
with than those that are not, (2) the best scale numbers are 
whole numbers that are divisible by ten: 1,000, 100, 10 and so 
on. Whereas scale intervals in 4*s are the most difficult, 

(3) that & and 16 scale units between numbered markers are hard 
to read, but 2 scale units between numbered markers are easy if 
enough room is lejt between the numbered markers. 


Another important consideration in dial Cesign is the shape oi 
the dial. Shall it be circulér, rectangular, semi-circular, or 
what? Figure 13 shows the results of an experiment in which 5 
dial shapes were tested for single-revolution dials. In this 
research, observers were forced hy appropriate procedures to 
read the diais very répidly. It can be seen that by far the 
most superior display was the open-window one at the bottou 
where, out of a total of 1,020 readings, only 5 were in error, 
{It should be pointed out here that the open window dial is not 
necessarily the best dial for all conditions. In situations 
where ample reacing time is allowed, or where the scale or 
pointer is not static but 1s moving, other types of dials would 
give optimum results. 


These few examples don't begin to tell the whole story of the 
problems that have faced and continue to face the human engineer 
in his attempt to make easier the lot of the man who is confronted 
with a complex interpretation task, If we have succeeded at all 
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in preventing the kind of situation that you see depictec in 
Figure 14, then our effort will have been proiitably expended. 


So much ior the input side to our human link. FEqually as 
important is the output or control aspect of the problem. If 

you want to convince yourself how vital that part is, all you 
need do is look into the cockpit of any mocern commercial air- 
liner. Air Force psychologists have been concerned with this 
problem for a long tinc and much useful knowledge has come from 
their researches and surveys. Pilot errors in one study were 
found to be causec by confusion of controls in many cases, 
iesponsible factors were the crowding of controls and non- 
stundardization of control shapes and locations from plane to 
plane. Another type of error resulted from the fact that 

s° quences of control adjustments were too complicatec and, in 
emergencies, improper sequences were used or portions of sequences 
were forgotten, Finally, reversal errors were frequently made. 
That is, a pilot novec a control in the opposite direction from 
thal which he intendec. Superficially, this might be considered 
the pilot's fault, but it has been established that there are 
"natural" directions of movement for controls and, under stress, 
people are liable to revert to these "natural" tendencies. If 

an important control is designed to operate in opposition to 
these principles, only trouble can be expected in the long run, 
in those cases wiiere there may be no preferred direction or 
pattern of movement another principle iias been shown to operate. 
It has a technical name wiiich need not concern us here, but, in 
brief, a statement of the principle is this: If a new motor- 
coordination pattern is learned in the course of learning a ncw 
skill, and if, later, for some reason, that pattern has to be 
slightly altered to conform to a new development, then should an 
emergency arise, the tendency to revert to the earlier learned 
pattern is very compelling. I'm sure all of you have experiencec 
the operation of this principle to some Ccegree. Tow many of you 
have been embarrassed to find yourselves pumping air with your 
left foot the first time you had to make a@ sudden stop after 
gettine behind the wheel of an autonobile with automatic trans- 
mission? To give you another, and a personal example, when I 
first went to England some years ago, I was continuously reminded 
of the power oi this principle by the English custom of driving 
on the left hand side oi the roac. Having become familiar with 
this phenomenon in my work, i was forewarned and so kept out of 
any serious trouble while adjusting to the new patterns, However, 
after driving around England for several montis, I mace a trip to 
Paris where I hired a car and proceeded to drive it out of the 
Carace ane up the left-hand side of the street to the horror of 
uy companion in the front seat. ‘That rattled me a bit, and since 
I wes already under a creat deal of stress getting used to a 
ceareshiit lever that emercec from the center of the instrument 
panel and shifted inversely to anything that i'd ever seen before, 
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Il was in a state of complete jitters when I reached the 

Champs Elysee. Whereupon, I promptly made a left turn up the 
left side of that frightening French speedway. Well, as you 
see, I survived, but there are those who don't. Many pilots 
who learned to fly in planes that had the flap controls on the 
right and the landing gear controls on the left, have never 
lived to regret the cay that they transferred to a plane with 
the flap controls on the left and the landing gear controls on 
the right. 


As in the case of visual displays, I can only give you here a 
very superficial glance at the sort oi! things human engineers 
are doing to improve controls. Ficure 15 is a resumé of much 
work that has gone into establishin«, preferred directions of 
control movements. At the top the several arrows show the 
direction in which a control should pe moved for the function 
that it is to serve, Thus, 4 toggle switch should flip up for 
ON, GO, or INCREASE. and down for OFF. sTOP, or DECREASE. 
Similarly, levers whose motion is in the horizontal plane should 
go away frou the operator for ON, GO, or INCREASE, anc towarc 
the operator for OFF, STOP. or DFCREASE. At the bottom is 
shown the direction oi hand wheel movement most suitable for 
use in connection with an associated visual cisplay, when the 
display is to the right of the control and when it is to the 
left. in the case of the handwheel controls, clockwise move- 
ments should move displays downward if the cisplay is to the 
right of the handwheel, and upwards if it is to the left. The 
reverse should be true of counterclockwise movenents. 


Another problem that arises when a control is used in conjunction 
with a visual display concerns the optimum gear ratio for the 
movement of an indicator, Experiments on this problem point to 
the fact that when speed .s the prime objective the task can be 
broken down into three components. First is the reaction time-- 
or the time that it takes to get moving. This turns out to be 

a@ constant factor. A second consideration is what may be called 
primary movement time--or the time required to move the indicator 
to the correct vicinity. The thirc factor can be termeec second- 
ary movement time or adjustment tine, and, as you might expect, 
this is the time required ior fine corrective movements once the 
indicator is in about the right vicinity. Figure 16 shows how 
these three tactors contribute to alignment time as a function 

of the gear ratios used. Here you see that if a pointer is 
gearec to move only a small amount for each revolution of a 

knob, primary movement time is long; on the other hand it is 
short if the pointer movement is large for each revolution of 
the knob. Secondary movement times, it appears, are almost 

the inverse of primary movement tines. The best overall ratio 
occurs at that point where the sum of the three time components 
is at 4 minimum or about midway between 1 and 2 inches of pointer 
movement for each revolution of the knob. 
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Still another type of gear-ratic problem has to do with the 
heanical cursor that is encountered on many remote pian- 
position radar indicators used with military services equipment. 
Figure 17 shows the time in seconds required to slew a cursor 
through 159, 759, 105°, end 165° using various gear ratios. It 
secms clear cut that for excursions greater than 75° there is 
an optimum gearw~ratio of about 5 to 1. For excursions less 
than 75°, the optimum gear-ratio appears to be somewhat iarger 
than that. However, on the basis of these data, it is possible 
to recommend a not too unhappy compromise at around 5 tol, 
gince the gain in time ior higher gear-ratios and lower decrees 
of excursion is not appreciable. 


méc 


The optimum rates of control movements are determined in part 
by such factors as the maximum rate of muscle contraction, the 
maximum rate of innervation and the effect of fatigue. Iligh 
rates of movement are commonly required by handwheel controis. 
Winding movements are a combination of reciprocal movements 
properly distributed in phase. Their maximum rate is approxi- 
mately half that of simple back-and-forth movements of similar 
amplitude, The rate that results in most accurate control 
depends on handwiecel diameter, inertia, friction and other 
design features, Figure 15 shows how cranking speed is affected 
by crank radius and friction-loading of the crank. Two things 
are evident here. One is that for every crank loading there is 
an optimum crank radius, and second, that a@s the friction- 
leading of the nandwheel increases, the optinusa radius likewise 
increases slightly. Figure 19 is an illustration of the way 
handwheel tracking accuracy increases as a ftunction of the speed 
of handwheel turning. This function was measured for a crank 
radius of 4.5 inches, The error was weasured in terms of the 
time that would be required for the target to move from the 
panes of aim to its actual position. As you can see, accuracy 
improved steadily with increasing haéndwheel specds., This slide 
nd the one et preceding it make a very nice picture and 
evide some fassy general principles that can be applied to the 
ca of handwheej tracking. 


Since coniusion of controls has been shown to he one of the prime 
causes of errors particularly where pilots are concerned, much 
research has gone into ways of avoiding such confusions. Different 
methods of control coding have been extensively investigated and 
some general conciusions can be stated. 


It has proven possible to shape code controls-~that is, design 
knebs with different shapes that can be immediately discriminated 
even with gloves on. If some standardization were acopted, so 
that similar functions on different pieces of equipment had the 
sane shapea control knobs, training problems would be easier and 
less contusion wouic results 
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Extensive studies have been mace on the ability of people to 
reach, without looking, and operate controls -- either besice 
them, above them, behind them, etc, ii a high decree of 
accuracy is required, it is best to arrange the controls in a 
vertical row at shoulder level. A safe distance between these 
controls is 5 inches. 


Color coding is another aspect that has been gone into very 
thoroughly. The number of discriminable colors, if one incluces 
all hues with varying degrees of saturation and various degrees 
of lightness and darkness, has been judged to he 300,000. How- 
ever, in the practical situation, the operator has neither the 
time nor the inclination to identify colors by comparison; 
rather he must be able to identify the colors in an absolute 
sense. Estimates of the number of such absolutely identifiable 
colors suggest that there are no more than ten or twelve where 
spectral hues are concerned. However, there are many disadvantages 
to using color for coding controls. For example, many colors 
already have meaning attached to them--red, green, yellow for 
danger, go and caution. And also the amount of illumination 
available and the type of illumination creatly affects the way 
colors are seen, These things are not always easy to control. 


As I stated before, there is much more to the cesign of controls 
than I have been able to indicate here. Very important areas 
have not even been mentioned, but I hope, at least that some of 
the flavor of the work of human engineers has heen imparted to 
you. Py continuing effort, we hope to be able to increase the 
efficiency with which operators can perform their tasks and at 
the same time relieve them of some of the strain that they have 
often suffered in the past in trying to pursue their duties. 

If we can alleviate the plight of people in situations similar 
to that of the poor fellow in Figure 20, some good will have heen 
accomplished, 


Il wish to point out in closing that too often, in the past, the 
human component has been overlooked in the original design, The 
engineer has taken advantage of man's flexibility to fill a 
function that could not be produced readily with an electronic 
or a mechanical component, The man has been put into the system 
as a glue to hole it together. At best. consideration of human 
factors has often been given a secondary role by most designers 
of equipment. This is not surprising since the same flexibility 
mentioned before has allowec the man to he used as a general 
purpose component. 


Man can talk, push buttons, use handcranks or joysticks and 


uany other things. All of these outputs are usable and have 
been used in man-machine systems. It must he remembered that 
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his motor performance characteristics vary considerably depending 
upon the mode of response. The design engineer can use these 
characteristics in two ways: (1) to provide those movement 
characteristics which are desired as input to controls and (2) to 
eliminate those movement characteristics which are undesirable. 


Man has good long-term memory for generalized experience, but 
rather poor immediate memory for specific detail. His access 
time is slow compared to that of a computer but he is able to 
recall generalized patterns of previous experience to solve 
immediate problems. No computer can yet do this. 


He is flexible and can do many things well if his limitations 
are taken into account. The machine should be used to relieve 
the man of as many routine jobs as possible, but the man should 
he used to supply judgments and flexibility of which machines 
ace incapable. 


Take advantage of the best the human link has to offer, whether 
it be the result of liis perceptual acuities or his physical 
capabilities. Keep continually aware of the human factors 
involved in the design of equipment or systems in which the 
human is a link. Do not try to squeeze him in as an after- 
thought. Remember, the classification of a design error as an 
“operator error" is not a remedy-~ it is an excuse. 


i thank you. 


24-11 


| 
‘ | 
| 
cen 
em 
n 
ty 


| | 
oy 
itt 
| 
4 
gts 
eh 
| 


TWALIVL 


TWNSIA 
AMOLIANY 


y~ 


C ik 


Li 


\i 
— | y 
m 
\ & be 
— 


(WD) 


vz 


snidva 


z 


Ollva 


9 z 


44 


| 
fei 
\\ 
EAE EE 3 
| 
| 
| 
| 


— LINEAR DECISION RULES IN PRODUCTION AND INVENTORY commesle 


John F. Muth** 
Instructor of Economics 
7 Carnegie Institute of Technology 
aN Pittsburgh, Pennsylvania 


I. INTRODUCTION 


The expression "production and inventory control" covers a 

wide variety of problems in the operation of manufacturing 
facilities. We face questions of the following sort: Which 

of a usually large number of products should be made, when 

and how much? What raw materials and parts should be purchased, 
what components that may be used for several products should 

be made? How many workers should be hired, or laid off, this 
week or how much overtime should be authorized? What levels 

of raw material, work-in-process, and finished goods inventories 
should be maintained? How much should be shipped from the 
factory to the warehouses? 


These are important questions, and they are often perplexing 
ones. Part of the difficulty arises from the fact that nearly 
every type of decision depends upon everything else. For. 
example, steps taken to affect the level of finished goods 
inventories also affect the rate of production. The problem 
of designing appropriate scheduling procedures is greatly 
complicated by the fact that decisions need to be made in 
several stages of the procurement-manufacturing-warehousing- 
selling sequence. Even in a relatively simple situation we 
might have the following stages: 


Procurement of raw materials and purchased parts, 
Raw material inventory, 

Parts manufacture, 

Work-in-process inventory, 

Finished goods assembly, 

Finished goods inventory, 

Shipment to district warehouses, 

Warehouse inventory, 

Sales to customers. 


LO CON OWN FW NE 


* Research undertaken for the project Planning and Control 

of Industrial Operations, under contract with the Office of 
Naval Research. Reproduction of this paper in whole or in part 
“is permitted for any purpose of the United States Government. 
Contract Nonr-76001, Project NR 047001. 


** The results reported in this paper are from joint efforts of 
Charlie Holt, Franco Modigliani, Herb Sjmon, and John F. Muth. 


25-1 


{ 

~) 


Our object here is to report some of the quantitative methods 
that have been developed in the last few years as possible 
solutions to some of these problems. Much of the basic 
research in this area, including the work at Carnegie Tech, 
has been sponsored by the Navy and Air Force. 


In the course of later discussion we wili first examine 
briefly the "classical" lot-size formulas and more recent 
developments for setting reorder guantities and protective 
stock when the rate of future saies is uncertain. The 

problem then arises: How can the inventory control 

procedures be reconciled with production requirements? We 
will then discuss methode of taking the costs of overtime work 
and labor turnover into account for tne inventory decisions. 

A very useful method is what we have called "linear decision 
rules"; these rules or policies are so constructed that the 
sum of inventory, overtime, turnover, and other specified 
costs is minimized, even if future sales are not perfectly 
known. Finally, we will sketch the results of the application 
of this rule to a paint factory. 


In order to gain perspective into problems of inventory 
policy, we might ask what are the advantages in -- or the 
reasons for -- hclding inventories. Tnere seem to be at 
least four: 


1. lIeot-size advantages: Saving of costs incurred for 
each lot that is purchased, manufactured, or shipped (for 
example, costs of setting up a machine for a production run). 


2. Uncertainty advantages: Protection against a run=» 
out when demand cannot be predicted exactly. 


3. Smoothing advantages: Avoidance of factory overtime 
during peak seasons of sales, investment in excess capacity, 
and rapid fluctuations in production. 


4, Price advantages: Price speculation in inventories, 
and taking advantage of quantity discounts. 


Since the questions raised earlier ultimately involve weighing 
the costs against the gains of inventory holdings, we would 
expect that research directed at production scheduling should 
be applicable to that of inventory control. Until recently the 
relation between the two had harcly been recognized, and had 
been the object of separate research efforts. We will indicate 
later some methods by which at least some of the interrelation- 
ships had been handled. 
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II. INVENTORY REORDER POLICY 


The earliest efforts, started over 30 years ago, in the 
mathematical formulation of inventory policy focussed upon 

the first advantage of inventories -- those of the lot size. 
What has been accomplished can be summarized under three topics. 


nown future sales. im this case, the problems #hat of 
determining a production (or order) quantity so that the 
advantage of spreading set-up (or procurement) costs over a 
large number ofv@products is balanced against the costs of 
storing the resulting inventories. Suppose, forexample, 
that the cost of setting up a machine for a run can be 
represented by the quantity Cp (the fixed cost). The cost 
of storing a lot of size Q depends not only upon Cy, the cost 
of storing one unit for a period of time, but also upon the 
rate of sales (assumed constant) which we will denote by S. 


The cost per unit of storing a lot of size Q is 3C7Q/S (see 
Figure 1). 


Consequently, the cost per unit of set-up costs and storage 
(which is sketched in Figure 2) is the following: 


C =CR/Q CzQ/2S. 


How large must we make the lot size Q so that the cost 
expression above is minimized? The optimum value, say Q*, 
is found by setting a0/dQ = 0, from which we obtain the lot 


size formula: 
QF = 2CRS 
CT 


and the average level of inventories would be the "half-lot" 
Q*/2. There are many variations to this basic cost model, but 
the square root formula seems to be a characteristic of these 
problems. For more detail on these relations, the reader is 
referred to Magee [16] and Whitin 


Unknown future sales. Introducing uncertainty into the lot- 
size problem generally complicates the analysis. This is so 
if the stock cannot be replenished almost immediately; for if 
the lead time on ordering were zero, it would be possible to 
reorder whenever the stocks are depleted. There is no chance 
of failing to meet customer requirements for the product. But 
the usual problem does involve both uncertainty concerning 


future sales in the presence of manufacturing or procurement 
lead times. 
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In this case, it will be necessary to carry extra inventory 

as protection against not being able to meet demands during the 
interval of time between the placing of an order and receiving 
the lot. ft is usually the case that in the presence of both 
uncertainty and lead times there is some chance, however small, 
of running out of inventory no matter how large the inventory is, 
It is then necessary to balance the advantages of protective (or 
"“puffer"} stock against the costs of carrying this larger level 
of inventories. Tnis balance can be carried out in one of two 
ways: 


1. Assign a tolerable probability of inventory depletion, 
Pp, or 


2. Place a cost Cp upon inability to meet customer demand. 


The preassigned probability of a run-out, Pp, is often taken as 
the criterion for setting buffer stocks because the cost of 
depletion is rather difficult to measure. Normally, however, 
some estimate the coefficient Cp should be made at least as a 
check. It might represent only the foregone profit (price 
minus the variable cost) in not being able to meet demand, but 
usually there are other effects that should be taken into 
account (for example, the loss of repeat business). On the 

ther hand, if the order can be backlogged and filled ata 
later time, then the cost may be considerably smaller than that 
indicated above. 


An order rule must specify not only how much should te ordered, 
but also when the order should be plated. in the case cf 
certainty the answer to the last guestion is unambiguous, but in 
the presence of uncertainty there is a range of alternatives 
eharacterized by the two extremes: 


1. Order at the end of every T months. Usually called the 
order cycle or “tickler’ rule, it specified that an order is to 
be placed at. the end of the reorder period regardless of the 
state of inventories. Of course, the amount of the order will 
depend upon the level of inventories on hand and on order plus 
the expected sales during the coming period. 


2. Order whenever inventories fal] below a vreassigned 
level. The ‘trigger’ rule specifies that an order is to be 
placed whenever the amount of inventory on hand and already on 
order falls below the trigger level regardless of how long 
it has been since the last order has beer placed. 


In principle, the trigger rule requires lower buffer inventories 
because a run-out can occur only during the lead time. Run-cuts 
for the tickler rule can occur at any time. However, the trigger 
reorder rule is often unsatisfactory in other respects, as we 
shall see below. 
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The state of inventories at any point of time for the trigger 
rule is sketched in Figure 3. As soon as the actual inventory 
reaches It, an order is placed for replenishment. The 
probability of a run-out, then, equals the probability that 
sales in the interval of length TL, months exceeds Iq. If 

f(S) is the probability density of the sales rate, then the 
probability of a run-out and average sales rate would be 
respectively: 


Pp = gS = 1 - Ff ) 
= fs dS. 


We will assume that depletion costs do not depend upon the 
length of time that the warehouse cannot supply a product, 
but only on the total amount that cannot be supplied (this 
would be approximately true if the only cost were that of a 
lost saie). Then the expected value of the run-out cost 
each time the trigger is hit is: 


oD for - Im) £(S) aS 


The expected cost of storing the extra inventory for the 
average period is: 


*) F (=) approximately. 


Minimizing the sum of the run-out and inventory costs (see 
Figure 4) as a function of the trigger inventory, with the 
aid of the calculus, we obtain the following equation which 
the optimal trigger level, I#, must satisfy: 


(ir) = 1 
Ty 


r 
3’ 

4 

CI j(ip - sty) a8 
its 
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Since the factor CrQ/5 represents the expected cost of 
storing a for a compiete order cycle, the expression 
61Q/8cD is ratio of the cost cf storing an item for a period 
of 


© 


to the ane running 901 nat item. The probability, 
1 - F, of running out of inventory shouid be a simple 
function of tnese relative costs. The optimal trigger 
level, then, may be found by inverting the function F. This 
may ordinarily be done numerically, and in some cases 
analytically. 


It should be remembered, however, thatethe formula given 

above ror finding the optimal trigger level is only 
approximately correct for several reesons: 1) some 

analytical approximations were used in the derivation of 

the equation for the cptimum trigger level, 2} the order 
quantity was assumed to be given nde Q and In should 

be determined simultaneously, although the “inte eraction" 
observed by Whitin [24] is ordinarily small), and 3) a very 
special form of the depletion charge was assumed. Nevertheless, 
the derivation indicates the nature of the considerations 

used in the formulation of more accurate rules. Of course 

the relevant question to ask is whether foilowing this method 
of inventory planning wiil result in improvement of the 
operations, not whether it is the best that can ever be reached. 


Recent developments. The models above for inventory 
control were concerned only witn the costs of carrying stocks 
over one order cycle and the danger of run-outs at its end. 
More recently it has been recognized that the cost impli- 
eations of current decisions upon subsequent periods are 
sometimes important. However, when this additional stipulation 
is made it becomes impossible to arrive at the decision for 
one period without the probability distribution 
of sales and the decision rules fer these later vneriods. The 
essentials of this problem, apvclied to_a simple case, 
are given by Arrow, Harris, and Marschak in [2] 


The papers by Dvoretsky, Kiefer, and Wolfowitz C10] give 
proofs for the existence and uniqueness of sclutions to a 
mathematical statement of the inventory probiem for a very 
prion class of situations, including tne many-commodity and 

ascading-sequence case. Un?ortunately, their theorems do not 
practicable cscomputationai procedures and hence do not 
as yet give us decision procedures that one can employ in 
practice. Further important work on dynamic programming, 
yielding actual solvtiors in — 3 ecial cases of interest, 
has heen published by Beliman (see “Thy 
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In reviewing the methods for inventory control that have 
reached the stage of application, we must observe that they 
are subject to severe limitations: 


1. By and large, only in the case of a single commodity 
do we have a solution we can actually compute. Although the 
standard lot-size formulas are relatively simpie, not even 
present computing machinery 1s adequate for efricilent calcu- 
lation of some others. 


2. Even in the ease of a single commodity one can 
obtain a solution only uncer rather restrictive assumptions 
regarding future sales. Application of more general methods 
would require detailed knowledge of the probability distri- 
bution of sales for future periods -- knowledge which we do 
not usuaily possess. 


2. The lot-size formulas, particularly if a "trigger" 
reorder system is used, are often incompatible with production 
operations. With such a rule, efficient sequencing of products 
is sometimes difficult or impossible, and it may be found 
necessary to break lots if two items produced on the same 
machine are "triggered" at the same time. Furthermore, a 
trigger system, without other controls, gives no guarantee 
that the overall production rate will be reasonably level. 


Nevertheless, the work referred to above seems to be one of 
the important ingredients of efficient production planning. 


TII. ACGREGATE PRODUCTION RATE DECISIONS 


The techniques to be reported in the remainder of this paper 
for resclving some of these difriculties were developed in the 
context of a specific industrial problem: to schedule the 
production in a paint factory of several thousahd ¢tems for 
delivery to warehouses. The itens are held in stock and 
delivered to the warehouses on demand, warehouse demand being 
based on rather widely fluctuating sales to customers. The 
product is manufactured by a batch process, with a fairly 
wide range of possible batch sizes. Moderate economies are 
obtainable from running large batches, and from proper 
scheduling of the product sequences; but within limits, 
manufacturing cost depends more on aggregate production than 
upon the exact product mix. 
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As a first approximation. we have assumed that the costs to 
be minimized can be divided into two independent parts: 


1. Costs associated with aggregate monthly production 
and work force level, and 


2. Costs associated with the product mix. 


Although there are undoubtedly some interactions between these 
types of costs, it is believed that in many practical situations 
the interactions are small and can be ignored. In this section 
we will consider the first of these. 


Sales fluctuations and stable production. In the long run, 
total factory production must equal total warehouse orders, 
but in the short run considerable differences between the two 
will be taken up in finished goods inventories at the factory. 
That is, 


where Tt represents the level of finished goods inventories 
(less backlogs) at) the end of the t'th month, Pt is the 
production rate during the period, and O+¢ is the rate of orders 
coming in from the warehouses. If iong-run demand were known 
with certainty in advance, then by using the calculus of 
variations, it is possible to determine a pattern of factory 
production that is optimal (in the sense of minimizing the 
total cost for the known demand). However, in actual situations 
estimates of future demand are subject to substantial forecast 
errors. 


Although in the long run, the production should be equal to 
the warehouse orders, it is usually advantageous for the 
factory to level the rate of production to filter out much 

of the short-term fluctuations in the rate of incoming orders. 
In the language of servomechanism theory, a rule for scheduling 
production should have the characteristics of a low-pass 
filter, i.e. the rule should adjust production to changes in 
orders from one year to the next, but ignore seasonal and 
erratic month-to-month fluctuations in orders within the year. 
We have found that, in at least one specific application 
involving a large seasonal component in demand, a r.ugh 
technique for taking out the seasonal fluctuations proved 
satisfactory when combined with a low-pass filter rule for 
adjusting to forecast errors. The decision rule is described 
oy the following equation: 


Pj = 6) (Io > 


where P; is the planned production for tne next month, 6 the 
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average monthly sales for the past twelve months, Io the 
inventory at the end of tic  »prpeeediing, period, and Ice is the 
"normal" inventory (this would be the "“half-lots" and "buffer" 
stocks previously described). 


The first term, 6, combines a simple forecast of orders (this 
year is going to be like the last; with an elimination of the 
seasonal variation. Previous errors in forecasts would show 
up in the deviation of the actual inventory Io, from the 
desired level, ie. Corrections for forecast errors will be 
made slowly so that the rate of production does not change 
much from cone period to the next. 


The decision rule above can be shown to have rather desirable 
characteristics by comparing the performance of the paint 
Sactory if this rule were followed with actual production rates. 
The rule leads to no crises or disasters, and eppears to 

operate better (giving smoother production and lower inventories) 
than unaided judgment. a 


We would not like to leave the impression that this rule solves 
the production rate problem. But it does illustrate the point 
that even a fairly crude application of theory appears to lead 
to a procedure of definite practical utility. I+ is reasonable 
to ask at this point what further steps that may be taken to 
improve the rule so itt can be said to have, in some sense, 
optimal properties? it is possible to tie this general line 
of reasoning more closely to cheeosts of plant operation, 
and to include another highly imvortant decision: the size of 
the labor force. We wiil first examine the following costs 
which appear most imcortant in the problem of short-term 
taco planning for the factory in question: 1) inventory 
arrying and run-out costs, %) costs of overtime work, and 
3) the ccsts of hiring and iaying-off employees. 


inventory and rur-out costs. In formulating this part of 
the cost Function we will assume that the inventory and back- 
order position of the factory at the end of each month is 
representative of the average inventory and backorder positions 
during each month, and may therefore be used to estimate the 
relevant costs. Tne lot size formulas of the preceding section 
may be used to estimate 1) the optimum aggregate level of 
inventories ana 2) the coss of deviating from the ortimum. 
By adding half the QO: aer quantity and the buffer stock, we 
obtain the average inventory for each product. The sum of the 
average leveis for all products gives the optimum inventory for 
the entire factory. 


‘The cost of inventory storage and run-outs as a function of 


ageregate net inventories (inventory minus back orders) may be 
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represented as is shown in Figure 5. The costs for a low 
level of net inventory are largely due to not being able 

to supply certain items onedemand, while the costs for high 
levels of net inventory are almost entirely that of storage 
(deterioration, interest on investment, etc.). The low 
point is a function of the rate of sales. It should be noted 
that the costs of an aggregate level of net inventories is 

a function of the policy that is used in allocating the total 
among individual products. If the allocation policy is poor 
the curve would be shifted upward because some items would 
have large surpluses (thereby incurring storage charges) 
while many other products would be out of stock (and hence 
incurring depletion costs). 


The dotted line in the figure represents the quadratic . 
approximation to the original cost function. It may be f 
written as 


C7 fiz - (Cg + Cg 


where C7, Cg, and Cg are coefficients which depend upon the 
costs ofr storage, réordering, and depietion as well as the 
average rate of sales. The reorder quantities and trigger 
inventory levels are also imnlicitly included in the expression 
above since they are functions of the same cost coefficients. 


Overtime costs. If order fluctuations are absorbed by 
increasing and decreasing production instead of inventories, 
then either 1) overtime and undertime costs or 2) hiring 
and firing costs will ordinarily be incurred. 


The cost of overtime depends on two decisions, the size of 
the work force, Wt, and the aggregate production rate, Prt. 
The simplest form of this cost relation is shown in Figure 6. 
With a given work force and an average worker productivity, 

k (gallons per man-month), kW, is the maximum number of units 
that can conceivably be produced in a month without incurring 
any overtime. Because of fluctuations in the productivity 
relation, however, the cost of overtime will ordinarily be 
somewhat higher. Since workers and machinery are somewhat 
specialized in their skills, it is therefore likely that a 
small increase in production would require only a few more 
hours in bottleneck functions. As production is increased 
further, more and more employees are required to work overtime 
until the entire work force is doing some overtime work. 


The dotted line of the figure approximates the expected cost 
of overtime as a function of the work force at the end of the 
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period, Wt, and the rate of production for the period, P+. 
The equation of the quadratic is: 


(Py - + - 


As production exceeds that normally allowed by the existing 
labor force, the expected value of the overtime costs increase. 
Actually, a more complicated and perhaps more rigorous 
justification for this cost function may be constructed, but 
the argument here conveys at least the essential points. 


Regular payroll, hiring, and iayoff costs. Fluctuations 
in orders from the warehouses may also be adjusted to by 
increasing or decreasing the size of the work force, and if 
this aiternative is taken, the following costs are affected: 
regular payroll, hiring, and layoff costs. First of all, as 
workers are hired, the firm is committed tc pay the employees 
regular time wages for the entire month. "Bais cost may of 
eourse be represented by the relation 


However, the coefficient ©, does not necessarily represent the 
average wage rate; it should, instead, reflect the wages of 
those individuals who will possible be laid off or hired ‘that 
is, it would ordinarily be somewhat lower than the average}. 


Tne other labor eests mentioned are associated not with the sizes 
of the labor force, but with its changes. The cost of hiring 
and training peonte increases with the number hired, as is 
indicated by Figume 7. The cost of laying off workers arises 
from terminal pay, reorganization, etc., and rises with the 
number of workers laid off. Again, the dotted curve in the 
fireure is a quadratic approximation to the original function 
wh3.ch wili be used in further stages cof the analysis. The 
quadratic may be written as follows: 


Whether these costs actually rise at an increasing ora 
decreasing rate is rather difficult to determine. It can be 
argued that reorganization costs are more than proportionately 
larger for large layoffs than for small layoffs; and similarly 
the efficiency of hiring, measured in terms of the quality of 
the employees hired, may fall when a large number of people are 
hired at one time. If this argument holds, then the quadratic 
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approximation is especially suitable. But if it does not 

hold very well, then the range of approximaticn will be somewhat 
limited. Nevertheless, the real test of the usefulness of this 
assumption is whetner the scheduling rules that can be derived 
from these assumptions lead to an improvement in scheduling 
operations. 


The total cost function. Having examined the individual cost 
components (inventory, overtime, regular time, turnover) we are 
now is a position to put the pieces together as a criterion for 
an optimal scheduling decision rule. ‘t is not sufficient, 
however, to consider the costs incurred in a single period of 
time, because the production and work force decisions taken 
at the present affect the costs in future periods. Because 
of this reasoning, the objective is to pp’ ° for the present 
time, taking into account the future ccsts insofar as they 
affected by tne actions of the current period. The cos 
function that should be used as the criterion for the 
scheduling decision is the sum of costs over several periods 
in the future. We have as the relevant cost function: 


Ny 


the sum of the components previcusly presented. The two 
decision variables are the production rate and level of the 
work force. The inventerv is not an independent decision 
variable because of the relation: 


Te - Pe - O- 


The object then is to choose P], Po, P3, ... and Wi, We, 

W3, ... in such a way that Cy is minimized. P, and W, will 
bé the decisions taken in the next period of time. Planned 
future rates of production and levels of the work force may 
be revised in the light of information that becomes available 
later. 


The cost function above may be applied to various specific 
problems simply by using the appropriate numerical values for 
the cost parameters Cj, Co, ...,; Cg. We shall not discuss here 
in more detail the ways in which these parameters may be 
estimated. Qur experience indicates that estimation is feasible, 
and, moreover, that fairly substantial errors of estimetion 
cause only moderate departures from optimal behavior. 


25-12 


e 
+ Co (Ie - - ) J. 
| 


The numerical valves for the paint factory which we have 


at studied are as follows: 

CH =, [ 340 We t 64.3 (We Wey) + .20 (Py Wy) 
51.2 Pe - 281 We 0825 320)? | 


where W, is the number of men in the work force at the end of 
the t'th period of time, P; is production in gallons per month, 
and I; is the net inventory in gallons. 


Optimal decision rules. Once the parameters of the cost 
function have been estimated, the decision rule may be 
obtained by first differentiating the cost function with 
respect to each decision variable (the P's and W's). The 
resulting system of linear equations may be soived rather 
readily for the decision rules. Fortunately, the results of 
this process may be reduced to a formula, requiring only a 
routine computation. It can be proved that the decisions 
made on the basis of the rule are optimal for the given cost 
function and forecast of future sales (see [19] a4 


On the basis of cost estimates that were made for the paint 
factory the necessary operations have been performed to obtain 
the optimal decision rules for production and the work force. 
The rule for production is: 

N 


Py = Wy - 464 + 153, 


where Py is the production rate to be set for the next period, 
O, is the forecast of orders from the warehouse t periods ahead, 
Wt are the weights to be attached to these forecasts (their 
numerical values, which depend upon the cost coefficients, 

are given in Table 1), Wo is the size of the work force at the 
end of the preceding period, and Ip, is the level of inventories 
> at that time. 


Since the forecasts of future orders are averaged, production 
is smoothed in such a way that production "responds" optimally 


r to changes in forecasted orders. The weight given to future 

ere orders declines rapidly as the forecast extends into the future. 
One implication of this is that there is not very much point 

ible, in forecasting orders very far into the future. No information 


is required about the probability distribution of the errors 

of the sales forecast, except that the forecasts should be 
unbiased. This is a very important property of the rules, since 
such information is usually impossible to estimate. 
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The second term of the rule reflects the influence upon the 
scheduled production rate of the number of workers employed 
in the previous month. The more workers that are on the 
payroll at the beginning of the current month, the greater 
can be the rate of production without incurring overtime 
costs. Any large changes in the sizes of the work force 
would be costly. 


The last two terms represent the inventory correction terms 
quite similar to those of the simple rule presented in the 
first part of this section. If the net inventory at the 
end of the previous month is large, then the negative term 
will exceed the other, and production will be decreased to 
lower the inventory level. Not only does this term determine 
how the optimal production rule responds to any given 
initial inventory situation, but it indicates how the rule 
will take account of past forecast errors, since their 
effect is to raise the net inventovy above, or depress it 
below, the desired level. 


The second decision rule is used to determine the size of 
the work force: 


W, OF + .743 Wo - .010 I, + 2.09, 


where W ] is the number of employees expected to be available 
at the end of the coming month, vt are the weights attached 
to forecasts of future orders, and the remaining variables 
are the same as for the production rule. 


Again, a term appears which is a weighted average of fore- 
casts of future sales, but in this second rule the weights 
extend further into the future before they become of 
negligible size. The forecasts of distant sales are more 
important in setting the size of the labor force than that 
in production. If, for example, an increase in sales is 
expected to be a temporary one, then the adjustment should 
take place primarily in inventories and overtime production, 
rather than hiring more workers. But if the increase is 
expected to be permanent, it will even be worth-while to 
cut overtime production because there will be enough workers 
in a few months to produce the required products on regular 
time. The level of the labor force also depends upon the 
labor force at the end of the previous period and initial 
inventories, although the relative importance of these two 
terms is somewhat different for the two rules. 
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At this point we might review the general characteristics 
of the linear decision rules, to compare their properties 
with those of lot size formulas alone. 


1. Although the derivation of the decisicn rules from 
the cost function is not trivial, the decision rules are 
very simple to use in setting production rates for each 
period of time. The decision rule need not be changed 
unless the relative costs of inventories, overtime, and 
turnover change. 


2. Only a single-vaiued forecast of future sales is 
used; it is not necessary to have detailed knowledge about 
the distribution of forecasé errors. 


3 Inventories are adjusted in a way which is 
compatible with at least some of the production requirements -- 
the costs of inventories are baianced against the costs of 
overtime and changing the size of the labor foree. It is 
possible to include other cost components if, for example, 
variations in work-in-process inventories are important 
(this was not the case at the paint factory). 


The particular form of the cost function buys a great deal, 
but it should be remembered that some simplifying assumptions 
have been made in the develicpment of these rules. We have, 
for example, not been able to include inequalities as 
constraints in the analysiz, however, it is very unlikely 
that the solutions we have derived would violate the 
restrictions (for example, that total production must be 
positive). 


IV. THE ITEM SCHEOULING PROBLEM 


We have now indicated how the optimal aggregate production 
can be determined for the actory each month. The problem 
remains of ailocating this aggregate production to 
individual items, éna scheduling the items. This can 
propably vce formuleted as a static linear programming 
problem of reasonable size. We simply include F,, the totai 
production, as one of the constraints that the solution 
must satisfy. Hence, we have factored the original dynamic 
problem involving, say, 3,000 xN variables into a quadratic 
programming problem involving N variables (only two of 
which have to be determined each month) and a linear pro- 
gramming problem to determine the item production schedule 
in one period. 
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In the actual application, we have not used linear programming 
methods to determine item production, but have resorted to 

a simpler technique. Again, this simplification appears to 
be justified in the particular situation, and its application 
to others will have to be examined in detail. Our basic 
assumption is the following: for any given ftot‘l inventory, 
it is desirable that the inventories of individu .1 items be 
roughly proportional to the expected orders for these items. 


let Ip be the aggregate net inventory on hand now, and Pj be 
the aggregate production planned for the next month, as 
determined by the production decision rule. Let Ip; be the 
inventory of the i'th item on hand (or shortage, if it is 
negative) and let dj be the fraction of expected total 

orders represented by this item (the dz's should sum to 
unity). A production schedule that will satisfy our aggregate 
rule consists in producing the quantity Pj; of the i'th item 
in the next period, where: 


Dividing the production P14 by the lot size then gives the 
number of batches that are to be produced during the period 
(fractions are rounded to the nearest integral Realy 
Undoubtedly, a more satisfactory rule can be devised by 
using a more sophisticated procedure for determining the 
desired quantities of the individual items. However, the 
rule-of-thumb outlined here appefrs to operate satisfactorily 
in our specific case. Wheneve> the inventory at the end of 
the month is seriously out of balance, the rule concentrates 
production on items with low inventories. 


For the case of two items, the proposed method is depicted 
graphically in Figure 8. The abscissa, x1, refers to 
quantities of the first item; the ordinate, xo, to quantities 
of the second. We plot the beginning inventory as a vector, 
» with components 1, and Io (Ty + 38 =I, the aggregate 
inventory); and we draw the vector with components kd} 
and kd2. From the results of the application of the line 
decision rule, we draw the line x1 + xp = I + P Then 4" P 
is given by the intersection of this line with, 2D, and ; is 
given by the vector subtraction = (T} 2) - f. In the 
case illustrated, at the beginning of the month, the 
inventory of item 2 was too large relative to the inventory 
of *tem 1. Hence the rule schedules the production of a 
arg? umcunt of item 1 relative to item 2. The components of 
must be non-negative; if this condition ig not. satisfied 
for all Py at the intersection, we replace by F', the 
vector "closest" to P that satisfies both the relation 
25P,' = P and the non-negativity requirements. 
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Having dis:zussed the problems of determining optimal lot 
sizes, production rates, aggregate work force levels, and 
the allocation of total production among individual items, 
it is appropriate to ask to what extent, if any, these 
techniques have resulted in "better" manufacturing and 
distribution operations of the firm in question. Operating 
tests of the decision ruies were carried out in three 
stages, which we wili discuss briefly below. 


1. Comparison with past performance: From the data 
of orders received and two kinds of forecasts (perfect 
prediction and moving-average of past sales, respectively), 
the resulting production rates, work force levels, and 
inventory levels were caiculated, and the amount of run- 
outs and overtime work was estimated. In general, these 
rules would have resuited in somewhat more even production 
and fewer inventory run-outs. Some rather crude cost 
comparisons of these rules with actual performance indicates 
that rather substantial savings are possible with such 
scheduling policies. The costs of inventory, regular and 
overtime payroll, hiring and iay-offs, and inventory 
depletion were reGuced by using the rules with a very 
crude forecast of future sales. A perfect forecast would 
have resulted in a relatively smail amount of additional 
savings. 


2. Scheduling a sample of the products: A sample of 
the paints, which represented aoout <5 percent of the sales 
volume, was then chosen to be scheduled with these techniques 
for further comparison with existing scheduling methods. 
Although it is difficuit to compare the results here with 
what would have happened if the products were scheduled in 
the customary way, there is some evidence shat production 
was leveled within rather narrow limits. At the same time 
both inventories are shortages were substantially lower 
than those experienced by the factory using normal metheds. 


3. Scheduling ail products of the factory: ince 
August of last year, all of the products have been scheduled 
with the methods outlined in this report. Althougn the 
fluctuations in incoming orders since this time have been 
comparable with those previously experienced, production was 
leveled considerably with these techniques and inventories 
of finished goods were reduced. Of course, there are many 
pc. cas of installation of these procedures, but the evidence 
So tai is highly suggestive that the use of linear decision 
rules has important potentialities in production and employ- 
ment scheduling. 
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REFERENCES 


The references below indicate some cof the main lines of 
development in the theory of production and inventory 
control. The list is not intended to be exhaustive and, 
since the references are only to published material, it is 
already somewhat out-of-date. 


The "classical" lot-size formulas in inventory control 

are summarized in Alford and Bangs (1; certain cases under 
uncertainty as well as gome ofthe more recent developments 
are surveyed by Whitin fei, 23]. Simon and Holt [20] and 
Magee [16] have examined the relation of inventory -ontrol 
problems to those of production smoothing. Holt, Modigliani, 
and Simon [12] have further studied the interaction of 
production rate and inventory decisions with employment. A 
good introduction to the dynamic problem of inventory 
control may be found in Laderman, Littauer, and Weiss (15], 
with more_technical expositions by Arrow, Harris, and 
Marschak [2]; Dvoretsky, Kiefer, and Wolfowitz [10]; 
Bellman, Glicksberg, and Gross [6]; and Beckman and Muth [3]. 
Some important technical reports on the production smoothin 
problem have been given by Bellman, Glicksberg, and Gross 15}; 
Modigliani and Hohn [7] ; and Charnes, Cooper, and Mellon 


The applicability of servomechanism theo to production 
decisions was first examined by Simon [16]. Techniques for 
analysis of servomechanisms are well summarized by Truxal [ei], 
who also reviews re*°-"t developments in the prediction 

problem studied by Wiener [25 - Such systems having certain 
optimal properties have been found by Holt and Simon {13 

and Vassian [22]. A more complete exposition on linear 
decision rules, and their interpretation as servoiechanisms, 
may be found in bg » the derivation from the cost function 
being presented In 11]. Simon [19] has demonstrated the 
optimal character of the rules under uncertainty. A somewhat 
different approach to dynamic programming problems_ (with 
functional equations) is reviewed by Bellman in [4 as well 

as the papers with Glicksberg and Gross already referred to. 
Techniques of linear programming are reported in Koopmans [14], 
and Charnes, Cooper and Henderson [7]. More recent developments, 
some of which have been applied to inventory and production 
rate problems, are reviewed by Dantzig [9). 
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Table 1: Weights of Forecasts for the 
Production and Work Force Scheduling Rules 


Period of Production Work Force 
time ahead Weights Weights 
t Wt Vt 
1 463 -0101 
2 
3 111 .0071 
4 O46 .0054 
5 .013 .oo4e 
6 -.002 -0031 
7 -.008 .0023 
8 -.010 .0016 
9 -.009 .0012 
10 -.008 -0009 
11 -.007 .0006 
12 -.005 0005 
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Figure 5: Cost of Inventory Storage and Depletion 


Figure 6: Cost of Overtime 
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"TOOLING=-UP" FOR SCIENTIFIC WORK MEASUREMENT 


John A. Nevros 
Chief, Management Assistance Branch, Management Division 
Office of The Quartermaster General, Department of the Army 
Washington, D. C. 


INTRODUCTION 


Engineering time standards of human work performance in the federal 
government presents a new challenge to industrial enginceringe Two 
principal reasons for this are: 


(1) Time-study in the federal government for years, = until 
1950, - was prohibited by Public Law. Accordingly, there were at 
best very few personnel employed by the United States Goverment 
qualified and experienced in time-study. 


(2) The removal of the prohibition against time-study in the 
federal government came at 2 time of a rapidly increasing and 
already acute shortage of engineers and time-study men. 


The restriction against time-study operated through a rider to the 
Appropriations Act which when it became Public Law denied the use 

of public funds to pay the salary of any public servant engaged in 
taking a time-study through the use of any time=-measurement instru- 
ment or device. However, this did not bar the application of work 
measurement in the federal government, so long as time-study per se 
was not utilized. Accordingly, we have had work measurement in the 
federal government in one form or another for many yearse Generally, 
such work measurement was based on statistical standards historically 
derived, and in the Army has been known as the Army Performance 
Analysis Systems 


Historical standards provide a measure and in the absence of something 
better are good standards and certainly are better than nothinge 
However, historical standards have been telling us only what to 
expect on the basis of what has been accomplished in the past without 
indicating whether this past performance has been good or bade With 
the advent of commercial=type accounting, industrial funds, and 

other demands upon us, it became necessary to have more realistic 
standards for more effective management, better planning, and more 
accurate mobilization planning. It, therefore, became incumbent 
upon us to find ways and means of implementing scientific work 
measurement techniques despite the virtual lack of trained personnel 
within the federal government and the scarcity of such personnel in 
the employment marketo 


| 
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This scarcity became more acute by virtue of the competition from 
industry, compounded by the superior compensation afforded by 
industry which attracted and retained most personnel qualified in 
these techniquese 4A rapidly mushrooming economy further contributed 
toward motivating qualified personnel toward industry rather than 
government because of greater opportunities, unrestricted by legis- 
lative salary ceilings, and because promotions generally were more 
rapid than was possible in government under the limitations of the 
Whitten Rider. 


On the other hand, reference to the paucity of federal government 
employees trained and experienced in modern work measurement techni- 
gues is not intended to suggest or create the impression that 
scientific management has been unknown in the federal governmente 

To the contrary, except in the area of time-study due to the 
legislative bar to time-study, great strides have been made in the 
pursuit and successful application of generally accepted progressive 
management techniquese 


BACKGROUND 


We in the Quartermaster Corps are singularly proud of our aggressive 
and comprehensive management engineering and industrial engineering 
Programs which have been fully supported by top command and vigorously 
pursued continuously since their inception during World War II, in 
1942. Although conceived and undertaken during the early war years, 
the Quartermaster Management Engineering Program continued without 
interruption at a high level through the post-war years, currently 
attaining its highest level of effectiveness. Yet despite the 
progress we have made we believe we are only at the threshold of our 
potential, and are dedicated to doing a professional job in the 
interests of management efficiency and optimum effectiveness in 
Government operations. 


A portion of the Quartermaster Corps Management and Industrial 
Engineering Program for the fiscal year beginning 1 July 1956 has 
been made available to you (beginning on page 26A=1 of these proceed= 
ings) so that you may see for yourself its comprehensiveness and the 
relationship of my subject to the overall effort.e My discussion on 
"Tooling-up" for Scientific Work Measurement deals only with one small 
segment of our program, that portion pertaining to engineered perfor= 
mance time=standards. It is this one small part of our over-all 
program I want to discuss and in so doing relate how we have met and 
are meeting the challenge confronting us and are preparing for 
concurrent implementation of engineered performance time-standards in 
1, Quartermaster installations (13 Army depots and one Army post) 
situated from coast to coast in the continental United States. 
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It would be inappropriate to continue without giving credit and 
recognition to those who are responsible for our success to date, 
albeit we recognize that we barely have reached the threshold of 
that which we are striving to accomplish. Nevertheless, we would 
not be this far were it not for the vision and magnificent support 
of The Quartermaster General = Major General Kester L. Hastings, 
the QMC Comptroller - Colonel A. E. Dennis, the Chief of the 
Management Division - Colonel Manley C. Perry and his Assistant 
Chief - Clifford J. Brinkman. 


First of all, the program to which I am referring is the Quarter- 
master Engineered Performance Time=-Standards Programe It consists 
of QM System-wide formal training of personnel required to do the 
job, followed by implementation of the program through the installa- 
tion of engineered performance time-standards, generally preceded by 
methods engineering, integration with the commercial=type accounting 
which we have in the QM System, and last but not least, continuing 
staff direction, supervision and follow-upe 


We are using in our program stop=-watch time=-study, predetermined 
time-standards (Basic Motion Timestudy = BMT, except in the clothing 
factory of the Philadelphia QM Depot where Methods-Time=-Measurement = 
MIM = is being used), standard data being developed by our personnel, 
work sampling, and statistical techniquese 


PREPARATION FOR "TOOLING=UP" PHASE OF PROGRAM 


I shall not retrace our steps back to the early days several years 

ago when we were conducting research in pre-determined times, when 

we were endeavoring to "sell" engineered performance time=standards, 
or through the period of many detours and frustrationse Suffice it 
to state that we were interested actively in engineered time-standards 
as early as 1950 and 1951, became seriously interested in exploring 
and researching predetermined times, beginning with MTM, in 1952, 

and were seriously and aggressively seeking to attain our objectives 
in this regard early in 1953. 


Beginning more recently with the successful inception of the current 
effort (which is rapidly approaching realization and providing con- 
tinuity through the first cycle of our training efforts), I recall 
the formation of a task group in August 1955 which included not only 
members from our Headquarters organization (Management and Installa- 
tions Divisions) but also industrial engineering personnel from three 
of our field installations (Atlanta, Georgia; Jeffersonville, Indiana; 
and Ogden, Utah). This group helped prepare the original directive 
which announced the program (QMC Circular 178, dated 21 September 
1955, Subject: Q Engineered Performance Standards Program). The 
task group also drafted a work measurement manual, a methods and 
standards handbook for the time-study personnel, and other useful 
materiale 
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We proceeded on the assumption that our greatest guarantee of 
acceptance was umerstanding of the program and its impact upon 
supervisor and worker alikee We believed that the greatest 
assurance of proper understanding would be in the adequate orienta- 
tion and familiarization of all personnel beginning with top command 
and working on down to the lowest paid worker echelons, dispelling 
insofar as humanly possible all along the way the myths, fables, 
fallacies, and misconceptions which our personnel had conjured over 
the yearse This was based, further, on the belief that an informed 
clientele would provide a fully participating and cooperating force 
for successful implementation, whereas any other approach in such a 
venture would be doomed to failuree Moreover, we were aided materi- 
ally in this endeavor and in all personnel aspects of the developing 
program by our fine Civilian Personnel Division headed by Civilian 
Personnel Director, John Will, and by Theodore Weinstein of the 
Civilian Personnel Division, one of the finest training officers any 
organization ever had the good fortune to havee 


Accordingly, following the preliminary work of the task group and 
publication of the circular, we ventured on a flying orientation 
junket covering the six key depots in the early stages of the programe 
A team consisting of Mre Ge Be Bailey of the management consulting 
firm of Je De Woods and Gordon, Ltd., Toronto, Canada, developers 

of Basic Motion Timestudy (BMT), Ted Weinstein - our Training Director, 
Herb Edlis ~ my assistant chief, and myself, visited the Quartermaster 
Depot at Richmond, Virginia, on a Wednesday last September, the 
general depot at Atlanta the next day - Thursday, the Quartermaster 
Depot at Jeffersonville, Indiana, Friday, the Sharpe General Depot at 
Stockton, California, the following Monday, the Utah General Depot at 
Ogden, Utah, Tuesday, and the Columbus General Depot, at Columbus, 
Onio, Thursday. At each of the six depots we spoke to the commanding 
general or commanding officer of the depot and top officers and 
civilians of his staff each morning, and then to all supervisory 
personnel in the afternoone Our audiences varied according to the 
Size of the installation from relatively small numbers at the smaller 
depots to approximately 350 supervisors in the post theater at the 
Atlanta General Depot at the afternoon sessione 


At. each session, with variations appropriate to the audience, = 
whether top management or supervisory personnel, = we presented a 
thorough orientation as to what the program was all about, why it 
Was necessary and desirable, who was going to cormduct it, when and 
where the classes would be and how the program would be implementede 
We stressed at each depot that this is their program, we are merely 
the catalysts, and were there primarily to give assistancee We did 
not neglect to stress the impact on all concernede We combined with 
our orientation mission a recruiting drive which drew many more 
applicants than were requirede We held discussion periods and 
answered Guestionse 


Generally we talked about two hours in the morning and approximately 
three hours in the afternoon. It was a grind, but it achieved its 
purpose and we enlisted support, generally unqualified and enthusi- 
astic support from all the depot commanderse This was an auspicious 
beginninge 


We recognized the need to give considerably more information and 
indoctrination to the top personnel who would be directly involved and 
responsible for the local implementation, --~ and success of the 
programe ‘ccordingly, as our first class of instructor trainees 
approached the end of its 33 weeks of training we brought the Compt= 
rollexs, Deputy Comptrollers, and Management Engineering Chiefs in to 
the Office of The Quartermaster General in Washington, De Ce, in two 
groups, in April and May for two identical executive familiarization 
sessions. Most of each of these two sessions was conducted for us by 
Mre G. B. Bailey of J. D. Woods amd Gordon, Ltde, and we were able 

to go into considerably greater detail with these two groups over a 
period of three days for each than was possible in the exceedingly 
brief flying orientation visits of Septembere These executive 
familiarization sessions included stop-watch timestudy, BMT, work 
sampling, and work measurement systems. 


This was particularly important because in the Quartermaster Corps 
the management and industrial engineering programs and activities 

are the principal function of the Management Engineering Division of 
each installatione The Management Engineering Division, in turn, is 
one of several organizational elements in the Comptroller's Office, 
and the Comptroller is directly responsible to the depot or installa- 
tion commandere The implementation of the QM Engineered Performance 
Time~Standards Program at each installation is the assigned responsi= 
bility of the Methods and Standards Branch of the Management 
Engineering Divisione Therefore, it is apparent how important it was 
to have a clear concept and understanding of the objectives and workings 
of the engineered standards program by the Comptrollers, Deputy 
Comptrollers, and the Chiefs of the Management Engineering Divisions. 


Earlier in April 1956, comparable executive familiarization sessions, 
20 hours am O hours respectively, for top executives of the Office 
of The Quartermaster General, military and civilian, were conducted 
by Mre Don Stohlman of the management consulting firm of Serge Ao 
Birn Companies of Louisville, Kentucky, and New York City, as part of 
the contractual requirements for management engineering services for 
the QM Clothing Factory at the Philadelphia Quartermaster Depote Mre 
Stohlman covered stop=watch timestudy, MIM, work sampling, incentive 
wage plans, and work measurement systemse The top management and 
executive personnel who attended these familiarization sessions also 
were invited to attend the subsequent BMT sessions. Many of our top 
OQMG personnel attended. both sessionse 
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Unlike the QM System-wide approach, the clothing factory project was 
undertaken by contract. The contract included provisions for a lage 
Plan Study, development and installation of a production control 
system, and installation of a work measurement system based primarily 
on training approximately 25 QM personnel of the clothing factory in 
stop-watch timestudy, MIM and work samplings The QM clothing factory 
at the Philadelphia Qi Depot is the only Army activity on a Piece Rate 
Incentive Wage Plane 


Getting back to our QM System-wide program, which is the basis for 
this presentation, the next step in this rather ambitious undertaking 
of orientation, familiarization, appreciation, and training, is the 
holding of a series of locally conducted appreciation sessions over 
an extended period of time for all supervisors, on a phased basis, 

so that familiarization of the supervisors concerned will keep pace 
with and precede actual engineering of standards in the work areas 
under the jurisdiction of the supervisors concernede In this manner, 
we strive to dispel the mysteries of engineered time standards at the 
level of the first line supervisors and endeavor to get them “on the 
team". 


That leads to the actual training program for the instructors and 
technicians who will spearhead the actual implementation of this 
pregram concurrently at 1) Quartermaster installations. In turn 
that brings us to the heart of my presentation, - "Tooling-up for 
Scientific Work Measurement in the Quartermaster Corps", as 
announced by our session chairman, Mr. Edlise 


What I am going to present now represents an approach, = our approache 
It may not necessarily be the best approach and may well vary con= 
siderably from the practices of others in government and industry. 

Be that as it may, this approach, our approach, represents the culmi-= 
nation of considerable thought and study, and to our minds it is 
serving its purpose weile This approach represents the incorporation 
of the best thinking and practices we couid find, adapted to our 
nesdse We have built upon the experience of many others, without 
which we would have been lost. Perhaps others may profit from 
various portions of what we have done and are trying to accomplish. 


THE "TOOLING=UP* PHASE 


Our recruiting procedures (Chart 1) involve the official announcement 
of the program locally at each installation, followed by giving this 
announcement maximum publicity throughout each installation, and 
subsequently undertaking the careful screening of all applicantse 


Fach applicant is screened on the basis of his Standard Form 57 
(Application for Employment) principally for education and experience. 


Educational and experience criteria are such that 80 to 85 percent 
of all personnel at each installation are eligible to apply for 
enrollment in the program. Those who meet the minimum educational- 
experience criteria are then required to take a battery of tests 
which take from six to eight hours to administer. These carefully 
selected tests screen out a substantial number of the applicants. 
Those who pass are then subjected to a panel interview, the panel 
consisting of three to five key personnel at each installatione 
After this they are rated and ranked and a selection is made of the 
optimum candidates at each installatione 


The entire process was administered locally 2t each of the six depots 
which contributed instructor trainees and will be repeated at each 

of the other seven depots and Fort Lee in selecting technician trainees 
for the programe On our System-wide swing our Headquarters Civilian 
Personnel Division, primarily through the personal contacts of Ted 
Weinstein, and subsequently by Don Magruder, also of Civilian Personnel 
Division, OQMG (in extending the orientation swing to installations 
subsequently providing technician trainees), furnished the guidance to 
local civilian personnel officials necessary so that each could 
administer the recruitment-selection processe 


The Battery of Tests (Chart 2) includes tests for quantitative reason- 
ing, vocabulary and reading comprehension, mechanical principles and 
pattern matching, a number series, comparison =-perception, the Kuder 
Preference record = interest profile, the Allport-Vernon Study of 
Values, an administrative judgment test, the Guilford=-Zimmerman test, 
and subsequently the panel interviewe The Allport-Vernon and the 
Administrative Judgment Tests were given only to potential instructor 
and supervisory personnel, whereas the Cuilford=Zimmerman Temperament 
Survey is administered only to potential technician traineeso 


The Allport-Vernon study of values enabled us to assess the individual's 
theoretical, economic, aesthetic, social, political and religious 
valuese The Guilford-Zimmerman Temperament Survey gave us some indica= 
tion, -=-- although of course these tests serve only as a guide, «== 

of an individual's general activity or energy, restraint, seriousness, 
ascendance, sociability, emotional stability, objectivity, friendlie 
ness, agreeableness, thoughtfulness, personal relations, cooperative= 
ness, masculinity of emotions and interestse We considered it 

important to the success of the program to screen all personnel for 
these attributes and qualities. 


The panel interview which climaxes the selection process seeks to 
identify and evaluate those attributes and qualities not readily 
discernible by any written test, and to serve as corroboration or 
refutation of other aspects of the battery of tests.e More specifi- 
cally, the panel interview seeks to ascertain appearance, bearing and 
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manner, ability in oral expression, stability and social adjustment 
mental qualities other than basic intelligence, interest and motiva 
tion, group leadership and participation, etc. 
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Interestingly enough, Mre Weinstein has been able to run a correlation 
of results achieved to date with the results attained in the battery 
of tests described above, with a most significant outcomee Those who 
received the top scores in the battery of tests were at the top of 
their group in scholastic achievement in the training coursee Con= 
versely, those who ranked at the bottom of the battery of tests were 
at the bottom of their class in the actual training coursee True, 
there wasn't a perfect correlation, particularly with respect to 
those who ranked somewhere in between the top and bottom in the 
battery of tests, some performing somewhat better in their class 

work than the battery of tests ranking would lead us to expecte 
However, generally we have been exceedingly well pleased with these 
tests as a guide for our purposes in the selection processe 


Our trainees have come from a variety of sources (Chart 3), but with 
the exception of one individual at this reading in mid-May 1956 ali 
have come within our own installationse Our objective in recruit- 

ment has been to recruit personnel, insofar as possible, from within, - 
personnel who have the know-how of our operations so that after they 
can acquire and become proficient in the techniques of timestudy they 
can become productive in a minimum of time, and more important be 

able to gain acceptance readily among their former fellow-personnel 

in operations, - the operations from which they came to enter this 
training programe 


Of a total of ll, personnel trained as instructors or technicians to 
date, i nave come from the staffs of our Management Engineering 
Divisions, 26 have come from the operating elements of our installa- 
tions, and the remaining four are members of my Management Assistance 
Branch staffe 


The actual source by job titles (Chart 4) is especially interesting 

in that it clearly indicates the diversified backgrounds of the 
traineese The largest single source has been the organization and 
methods examiner or management analyst. from which we have derived 

17, followed by industrial engineers, 3 accounting and cost account- 
ing personnel, 2 supply catalogers, 2 warehousemen, and one each of 

a variety of others: production process analyst, production control 
superintendent, statistical assistant, property and supply clerk, supply 
officer, executive secretary to the incentive awards committee, 
materials classifier foreman, mail clerk, tool stock and parts keeper, 
surplus property disposal officer, engineering draftsman, inspector 

of engineer items, spare parts requirements officer, supervisory 
freight traffic clerk, and a records management officere 


— 


Surprisingly enough and quite gratifyingly, personnel who never have 
been exposed to industrial engineering or time=study techniques before 
have been doing reasonably well, and some have done almost as well and 
in some cases perhaps a little better than some of those who have had 
time=-study experience or who are industrial engineers. As a matter 

of fact, we have had graduate industrial engineers who have been 
unable to pass the battery of tests described earlier. Of course, 
those industrial engineers who have been unable to qualify have not 
been admitted to the programe 


The grades of our trainees (Chart 5) have ranged from wage board 
grades 6 through 11, wage board supervisory grades 3 and k, and 
general service schedule personnel grades through 13-e The wage 
board employees are those commonly referred to as "blue-collar" 
workers, = those who are not subject to the Classification Act, as 
contrasted to the so-called "white collar" general service (GS) 
personnele 


These among the general service schedule employees who were below 
srade 5 received an immediate promotion to grade GS-5 on entering 

the program. Likewise, the wage board workers below the equivalent 
GS-5 or GS~7 grades were promoted to the nearest of these GS gradese 
This means an extra added boms for the GS-l clerk qualifying for and 
entering the program, inasmuch as an immediate promotion to grade 
GS+5 is gained, and six months later upon satisfactory completion of 
the prescribed training course another promotion to GS-7 is earned. 
The equivalent situation developed with some of the lower graded 
wage board personnel. 


The promotional opportunities indicated on Chart 5, whereby personnel 
in the lower grades particularly can qualify for a two grade pro= 
motion in six months, @oge, GS 5 to 7, and GS-7 to 9, without further 
reservations, upon satisfactory completion of the required training 
course were made possible through a QM System-wide training agreement 
entered into by our Civilian Personnel Division with the U. 5S. Civil 
Service Commission. This eliminates the necessity for each installa~ 
tion to bother about these details, and requires only that each 
installation consult the regulations and implement the System-wide 
agreement by contacting the local Civil Service Regional Offices 

We have had excellent collaboration and cooperation from the Civil 
Service Commission, without which our program could not have pro= 
gressed as satisfactorily as it hase 


The next chart (Chart 6) depicts the typical salaries of trainees 
rior to entering upon the program, subsequently upon entry into 
the program, six months later if they successfully complete the 
training course prescribed, and after a minimum of an additional 
year if they qualify for further promotion. This illustrates more 
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graphically than the previous grade structure chart what the pro= 
motional opportunities are and what they mean to the individual in 
actual annual salary. For example, the GS-) clerk at $3415 per annum 
on qualifying for and entering into the program immediately was 
promoted to 43670 per year, and six months later upon satisfactorily 
completing the training course will be promoted to $520 yearly, with 
additional opportunities available for premotion after a year's 
satisfactory performance on the jobe Unfortunately, the opportunities, 
as the chart reflects, for the lower graded personnel are greater than 
for those in the higher gradese Accordingly, a GS-12 entering the 
program cannot hope for further promotion upon the satisfactory com= 
pletion of the prescribed training programe This illustrates why 

the program attracts mostly personnel in the lower gradeso 


For those personnel in the lower grades who are attracted to this 
program, the Ue S. Civil Service training agreement and promotional 
opportunities it provides generally offer ample incentive and moti- 
vation to remain with us and in the government at least for several 
years, inasmuch as faster promotional opportunities cannot be 
promised by any other government agencye This should result ina 
more favorable turn-over rate and through greater continuity assure 
us of a more effective program throughout the systeme Of course, 
this is no safeguard from the enticements from industry, except 

that we hope such offers will not unduly deplete our human resourceso 


The Training Program (Chart 7) produces methods and standards techi- 
nicians in 26 weeks and generated instructors after 33 weeks training 
on the first cycles The training course comprises eight parts for 
instructors and six parts for technicians. 


Part A for both instructors and technicians consists of training 

in methods improvement and an introduction to work measurement. This 
part covered a period of four weeks for the instructor=trainees but 
amore concentrated version is provided the technician trainees in 
two weekse We are indebted to the Ordnance Management Engineering 
Training Program School at Rock Island Arsenal. formerly under the 
direction of Mre Joseph Moquin and currently under Dr. Irwin Lazarus, 
for the fine methods improvement trainings and introduction to work 
measurement received by our traineese 


Part B consists of training in Stop-Watch Timestudy and Work Samplinge 
Our instructor trainees received this instruction during a period of 
two weeks from Mre Ge Be Bailey, while our technician trainees 
received and are receiving three weeks of training from our own 
recently trained instructorse 


Basic Motion Timestudy (BMT) comprised Part C with Mre Bailey providing 
three weeks of instruction in BMT to our instructor trainees, who sub- 
sequently provided and are providing four weeks of training in BMT 

to our technician trainesse 
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The formal class-room and laboratory work shop training in Parts A, 
B, and © are followed by a period of guided application training, 
Part D, under the full time guidance and supervision of a qualified 
instructore The instructor trainees received seven weeks of guided 
application training from Mre Harold Guilfoyle, an associates of Mre 
Bailey's, while our technician trainees received and are receiving 
eight weeks of guided application training from our own instructors. 


Having received 16 and 17 weeks fully supervised training the in= 
structor trainees and technician trainess, respectively, then undergo 
an eight week period of application practice (Part E) pretty much 

on their own, with occasional spot supervision by the instructor. 
This is intended to put each individual on his own under actual 
working comitions to test his training, mettle and resourcefulness, 
and to season each into a self-confident time-study mane 


In the case of the instructors there followed a two week course in 
methods of instruction (Part F) given by Mr. Weinstein and two 
associates for the purpose of insuring that the potential instructors 
having assimilated the technical training in the techniques of time- 
study would in turn be able to communicate their learning effectively 
to their students in turne 


As further insurance, the instructor trainees then conducted six weeks 
of supervised teaching (Part G), covering Parts B and C with 27 
trainees of the first technician trainee class, Class Noe 2. This 

was fully supervised teaching, with the instructor-trainees being 
supervised and guided not only by experienced time=-study personnel, 
but also hy the Civilian Personnel training officers, who constantly 
sought to improve the teaching techniques of the instructor-traineese 


Part H for the instructor=-trainees and Part F for the technician 
trainees covered approximately one week for final examinations and 
a critique, then graduatione 


In conducting Part G, the supervised teaching portion of the training 
course, the 16 instructor=trainees were divided into five instruction 
teams and the 27 technician trainees were divided into five student 
groupSe Each of these groups was placed in a separate class=room, 

all reasonably adjacent to each other, permitting our experts to 
circulate freely among the five concurrent classes in order to assist, 
euide, generally supervise, am evaluate progress by both instructor= 
trainees and technician trainees. In addition each technician=trainee 
nad an opportunity to evaluate each of his instructorse 


Out of the 33 weeks training program we have developed ten senior 
instructors, six instructors, and one assistant instructore From 
the 26 weeks training program we are developing methods and standards 
analysts and assistant methods and standards analysts; = the techni- 
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cians of the program (Chart 8). We require that a senior instructor be 
in charge of a course Of instruction, assisted by one or more instruc- 
tors or assistant instructorse The determination of the final title 
conferred on a graduating trainee is based upon individual attainment 
and proficiency gained through 3 variety of evaluations: written 
tests, examinations, observation and the personal evaluation by the 
instructor, projects in class, actual work projects during the guided 
application training period, and other factors. 


The 33 weeks training period for the first group of instructors was 
based on a "crash program" calculated to generate a cadre of qualified 
instructors in our "tooling-up" period, who in turn could train the 
required number of methods amd standards analysts needed to engineer 
performance time-standards concurrently throughout the QM System at 

ly installations, of which 13 are industrial depots. Having laid a 
firm foundation through the expediency of the above noted "crash 
program", we can afford to be more deliberate about qualifying in- 
structors henceforthe Accordingly, in the future, it will require a 
minimum of 58 weeks and two days for an individual to qualify as an 
instructor. All the technician-trainees now in training and those 
scheduled to begin training this summer in Classes 3, , 5 and 6, 

as well as those who will follow these first six classes, will have an 
opportunity toqualify as instructors after meeting the prescribed 
requirementSe 


Chart 9 indicates that the first requisite to qualify for an instructor 
in the future will be successful completion of the 26 weeks basic 
training course and qualification as a methods and standards technician. 
This will have to be followed by another 26 full weeks of actual on-site 
full time experience in practical application of engineered performance 
time-standardse Those who then wish to be considered for certification 
as instructors will have to pass special qualifying examinations, in= 
cluding panel interviews. Thereafter, there will be two weeks training 
in methods of instruction, followed by four weeks advanced technical 
traininge It is likely that to this period there will be added seven 
weeks of supervised practice teaching before the instructor's certificate 
is made final, which, if it materializes will extend the training 
required to qualify as an instructor to a total of more than 65 weekse 
These then should become adequate instructors worthy of perpetuating 

the program we have begune 


The concept of the QMEPTS Program we are currently implementing is 
graphically illustrated in a "nut-shell" in the “explosion chart 
(Chart 10)- The nucleus indicates the original 19 trainees from six 
depots and OQMG who began instructor training in October 1955. Two 
fell by the way=-side, leaving 17 to continue, == all of whom graduated 
after 33 weeks of trainings They inturn are training 27 technician- 
trainees from six depots and Fort lee as part of their supervised 
teaching requirements. Thereafter, these 27 technician trainees will 
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be divided into two groups, with one going to the Richmond QM Depot 
and the other to the Schenectady General Depot for Part D, Guided 
Application Traininge The instructors from Richmond Q! Depot will 
supervise the guided application training at Richmond, while one of 
the OQMG instructors, assisted by the instructor from the Sharpe 
General Depot, will supervise the guided application training at 
Schenectadye At the same time, or shortly thereafter, four concurrent 
classes will be formed, at Atlanta, Columbus, Utah and Jeffersonville. 


Out of these classes we are generating trained personnel capable of 
implementing the QEPTS Program concurrently at all 1) participating 
installationse Including the 25 personnel trained at the Philadelphia 
Q! Depot clothing factory we shall have produced 11); trained personnel 
within 14 months. Actual implementation of the program with the 
engineering of time-standards is scheduled to begin late in September 
1956 at Richmond QM Depot, and all 1) QM installations will have begun 
engineering standards in earnest, no longer in a training status, 
before 1 January 1957.6 


In engineering performance time-standards, and more especially in 
developing standard data, our trained personnel will first endeavor 
to apply BMT where-ever possible, or in the alternative use one of 
these other techniques, in the order of priority listed: stop-wate 
timestudy, work sampling, statistical, and engineering estimatese 
Chart, t Li}e Of course, as stamlard data is developed, our trainees 
Will use time formulas and standard data as much as possible. 


In an effort to accelerate the development of standard data and promote 
the interchange of ideas, methods, and standards we are planning to 
estebts sh a QM Methods and Standards Central Office at the Columbus 
Gener L Rapes which will serve as a central clearing house for 
standard datae Chart 12, which I refer to as my "implosion" chart, 
shows that we plan to have at least three depots working concurrently 
i. igned area developing standard data, which will flow from 

she depots to the Central Office. There it will be investi- 
cated and validated, and if validated it will be included within a 
Standard Data Manual which will be disseminated in loose-leaf form, 

at least initially, among all depots. Of course, standards will not 
be set at our level, at the central office, or at any one installation 


for all installationse Standards actually wiil be developed iocaliy 

onesite, although whereever applicable the local methods and standards 
3 

personnel will make ample use of available standard data. 


is our opinion that we can facilitate the validation of standard 

data being generated at the installation level for inclusion in the 
System Standard Data Manual by having at least three depots 

working in the same functional areas and operationse Through that 


3 


device we hope that at least two of the three depots, and preferably 


_ 


all three, will come reasonably close, within certain predetermined 
tolerances, plus or minus, in developing standard datae This being 
s0, the task of the central office in accepting and inserting such 
standard data in the standard data manual is simplified. However, 
should there be wide disagreement om. the part of one depot as against 
two in reasonbly close agreement, the one depot in disagreement can 
be investigated more quickly with relation to the particular standard 
data in question, and should all three depots be in significant dis- 
agreement that may well be a clue that all three should reexamine 
what they have done. 


Our target for first cycle coverage at all 13 QM and General Depots 
(Chart 13) is 31 December 1959, or approximately three years from 
the completion of training of our first six training classes. We 
anticipate that progress will be rather slow at first, but that our 
trained personnel will gain momentum as their increasing experience 
sharpens their technical proficiency. 


CONCLUSION 


The greatest danger to our progress is identical to the reasons 

which were the basis for this rather ambitious training program, - 

the lack of trained time-study personnel, - such lack resulting from 
premature losses to industry and other government agenciese However, 
we hope that the extensive and concentrated training (which our 
Civilian Personnel people estimate is worth the equivalent of $10,000 
per trainee, counting salary, travel, per diem, cost of instruction, 
etce), the promotional opportunities which outline a career pattern 
for the young and ambitious, the challenge presented by the job to be 
done, and the agreement which we require from each trainee that he 
shall remain with the government for at least a year after successful 
completion of his training, will all contribute to retention of a 
maximum number of the personnel we are training and plan to traine 

wie are optimistic about retaining the majority of the trainees for 

at least three years, which should see us through the first cycle 
coveragee In the meanwhile we plan a program for continuing regenera= 
tion of technicians so that the program can be self=perpetuating within 
reason and so that we shall not be left without trained personnel at 
any one timée 


It will be most deplorable if it develops that we have succeeded oniy 
in spawning embryos which will mature in the employ of others, for 
this tooling-up process is not only time-consuming but expensive, and 
we must produce results commensurate with the expenditures of time 
and money to justify our investment. 


In recapitulation (Chart 14), I have indicated that our trainees are 


recruited from within our own internal sources insuring us know-how 
in at least some of the potential areas for engineering standards and 
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thereby facilitating extension of the program through greater acceptances 
I also outlined the extensive battery of tests each applicant must take 
and pass assuring better quality of trainee personnel, which through 
reduction of failures means more for our training dollare I outlined 
our training program of 33 weeks for the first group of instructors 

(58 to 65 weeks for future instructors) and 26 weeks of technicians, and 
delineated each of the component partse Further, I covered our antici= 
pation of generating 11) trained personnel in little over a year after 
starting from "scratch", and how we have planned for an adequate supply 
of instructors and technicians through a self-perpetuating program. 
Finally, I explained our plan to develop standard data quickly and 
exchange it among all depots in order to help attain our goal of one 
complete cycle coverage in three yearse 


As I stated near the beginning of this presentation, this may not be 
the best approach, nor may it be the answer for our own problemse 

We are convinced that this was the best answer for us under the cir= 
cumstances, and are confident that we are giving the tax=-payer more 
through this approach for less than by any other means we could employ 
in implementing an engineered performance time=-standards work measure= 
ment programe Far more, we have met the challenge, and seek to continue 
meeting the challenge that faces us until tangible worthwhile results 
are evidente We hope this will reflect creditably on the industrial 
engineering profession, as well as on the public servants who pursue 
this program and on the Quartermaster Corps we servee 


T thank 
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CHART 


& SOURCE of TRAINEES by JOB DERIVATION 
17 ORGANIZATION & METHODS EXAMINERS 
4 INDUSTRIAL ENGINEERS 
3 ACCOUNTING & COST ACCOUNTING PERSONNEL 
2 SUPPLY CATALOGERS 
2 WAREHOUSEMEN 


and one each of : 

Production Process Analyst Exec. Secretary, Incent. Awards Prog. Engineering Draftsman 

Production Control Superintendent Materials Classifier Forernan Inspector of Engineer Items 

Statistical Asst Mail Clerk Spare Parts Requirements Officer 

Property & Supply Clerk Tool Stock & Parts Keeper Supervisor Freight Traffic Clerk 

Supply Officer Surplus Property Disposal Officer Records Management Officer 

CHART 5 
BEFORE ENTRY 6 MONTHS AFTER 
PROGRAM INTO PROGRAM LATER # ADDITIONAL YEAR 
WB- 6 /6S-5 00 
WB- 7 68-5 M6S-9 2% 
WB - 11 /GS- 7 W/6S- 9 
WBS - 3 5 - 7 M/GS-9 
WBS - 4 4GS- 7 9 JMGS-11 
GS-4 468-5 7 
GS- 6 GS- 6 Y6S- 708 | “6S-9ald oe 
GS-7 6S- 7 /GS- 9 /G6S-11 
GS-8 6S- 8 YGS- 9n10 | “GS-11 
GS-9 GS- 9 YGS- MGS-12 
GS-10 6S- 10 “6S- 11 4GS-12 
GS-11 GS-11 “CS- 12 MGS-13 2 
GS - 12 GS - 12 6S- 12 /GS- 13? 
GS-13 GS- 13 6S- 13 GS-13 
© IF QUALIFY — PROMOTION 
# # FURTHER PROMOTIONAL OPPORTUNITIES WITHIN QM SYSTEM POSSIBLE ~ FURTHER PROMOTION < v4 
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ANNEX TO TALK ON 
"POOLING-UP" FOR SCIENTIFIC WORK MEASUREMENT 


John A. Nevros 


QMC PROGRAM NO. 4 - COMMAND AND MANAGEMENT ~ FY 1957 
PART MANAGEMENT 
CHAPTER IT 
MANAGEMENT ENGINEERING ACTIVITY 
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1. General. The objectives of QM Management Engineering 
shall be to achieve at minimum cost and consistent with the QMC 
mission the optimization of operational effectiveness and ef- 
ficiency and the minimization of costs throughout the QM System, 
This is to be accomplished by each echelon of the Quartermaster 
System continuously developing and impisemeating its own schedules 
of management improvement actions and all personnel being made 
improvement conscious, sustaining such improvement consciousness, 
and participating in the improvement effort. 


2. Specific, 


a. WITHIN THE ORFICE OF THE QUARTERMASTER GENERAL. 
(1) Management Assistance 


(a) nt Engineering Activity Program, 
Management Division, OQMG, prepare the FY 1958 Management Engineering 
Activity segment of QMC Program No, 4 - Command and Management, Part VI - 


(b) Management Improvement Plan, Management 
Division, 0QMG, prommlgate a Management Improvement Plan for FY 1958 
for the Quartermaster System. 


(c) Industrionl Enginecring - Engineered Performance 

. Managenent Division complete the industrial engineering 
training courses for sixty (60) nethods and standards technicians fron 
all QM System depots and Fort Lee in five classes and provide technical 
direction, staff supervision, technical guidance and assistance to all 
QM and General depots and to Hq., QM Training Command, so that the 
methods ond standards personnel trained from these installations can — 
begin nga nethods and standards at their installations by 
1 Jamaary 1957. The QM Target is for 10% coverage of the program by > 
31 December 1959, contrasted with the DCSLOG target for completion by 
31 December 1958, Moenagement Division, OQMG, also to complete 
advanced training of approximately fifteen {15) Quartermaster instructor 
personnel (graduates of Group I, Class No. 1) during FY 1957 in the 
application of predetermined tine-standords (BMT) work neasurement 
techniques to clerical operntions, 
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Management and Industrial 
Research, Development and Applications.e Management Division 
cover, develop if necessary, and apply within the QM System the 
latest and most suitable management and management engineering 
Systems, teohniques, tools, equipment, maciinery and devices. | 
Undertake at least one such new project during FY 1957 and in- 
clude at least four visits to industry, oolleges or univer- 
sities, or professional management society or association oon- 
ferences or meetings (approximately one each quarter) for the 
purpose of keeping current with and adapting for QM System 
purposes where applicable the latest significant advanoes in 
scientifio management. 


(e) Work Simplification. Management Divi- 
sion complete training courses covering approxi mately 50% of 
OQMG supervisors. Each supervisor in OGG who has satisfactorily 
completed training in work simplification submit at least gne 
installable work simplification proposal during FY 1957. Each 
supervisor in OQMG, by the end of FY 57, to have a seater 
Supervisor's Management Manual. 


(f) Planned Management Improvement Frojects. 
Each supervisor in OGMG to identify at least two areas or jrob- 
lems within his jurisdiction for significant improvement during . 
FY 57 and to report progress on each planned improvement quarterly 
until otmpleted and implemented. 


{g) Coordination and Staff Supervision of 
all Management and Industrial sngineering Fersonnel and Activities, 
Management Division, OQMG, in exercising its responsibility for 
coordination and staff supervision of ali management engineering 
personne] and activities during FY 1957 establish a QM Work 
Measurement Panél to comprise representatives of all OQMG or- 
ganizational elements of primary interest for the purpose of 
providing policy guidance to and reviewing the progress of 
implementation of the QM Engineered Performance Time-Standards 
Program; and shall also establish a QM Management Improvement 
Council of management engineering personnel which shall meet 
quarterly to coordinate management improvement efforta and 
activities, exchange ideas, and motivate inoreased participa- 
tion in the program. 


(h) Exchange cf Ideas, Management Division, 
OQMG, to disseminate throughout the QM System one CCA management 
information packet each month and supplement these packets by at 
least one CM management information packet each quartere In 
addition, circulate among JM installations at lsaat one of the 
best aiopted mansgoment improvements coach quartor devolopd by 
a QM installation. 
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(i) Management and Industrial Engineering Self- 
Improvement. In furtherance of this objective, Management Division, 
OWiG, during FY 1957, revise the 2M Management Career Incentive Program. 
so that it can be utilized to train and develop new management 
and industrial engineering personnel as needed for the QM System, 


(3) Management and Industrial Engineering 
Field Evaluations, Management Division, O?°MG, systematically 
review and evaluate the effectiveness of the Management Improve- 
ment Plan while in operation, evaluate the effectiveness of 
installation management and industrial engineering activities 
and accomplishments to identify areas of possible improvement, 
and provide maximum management assistance by conducting manage- 
ment engineering field evaluations at at least eight (8) QN 
installations during the Fiscal Year. Through concentrated 
added management assistance substantially increase the manage- 
ment and industrial engineering effectiveness of at least two 
selected Qi installations to be evidenced by an improvement in 
the adjective evaluation of two installaticns during FY 1957 over 
that attained in FY 1956. 


(k) Reporting Management Improvements. 
Management Division, OMG, on the basis of improvements generated 
throughout the “M System to submit one management improvement 
report each quarter through DCSLOG to the Comptroller of the 
Army, and in addition to prepare and submit to The Quartermaster 
General and higher authority an annual management improvement 
report for FY 1956, Each organizational element in O°MG 
(Offices & Divisions) quarterly to submit to Management Divisien 
outstanding improvements, manpower activities, and work simpli- 
fication activities, Management Division also to submit a bi- 
weekly report of outstanding accomplishments to the Assistant 
Secretary of the Army (Logistics), 


(1) Management and Industrial Engineering 
Services Contract at Philadelphia 2M Depot. Through staff 
direction, technical supervision, and management assistance, to 
assist the Philadelphia QM Depot in bringing Contract DA kh- 
109-QH-2012 with the Serge A. Rirn Companies for management 
engineering services for the Manufacturing Division to a suc- 
cessful completion during FY 1957 and help the depot begin 
second cycle coverage of industrially engineered methods and 
Standards on its own, 


(m) Office Machine systems. Condwt at 
least one industrial engineering study during FY 57 on new office 
machine systems of potential value to the MM System. 


(n) OMG Management Engineering Field 
Representatives. Management Division, OWIG, to bring in its 
field representatives at least semi-annually for consultation, 
re-orientation, and training, 
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(2) Management Systems. 


(a) Management Systems Research. Management 
to constitute at least one Management Systems 
Research Team of three to five personnel, augmented as neces~- 
sary and desirable by participants from other OMG elements and 
installations, 


(>) Operations Research Techniques. Apply 
the techniques of Operations Research to Qi System Operations in 
at least three (3) instances (Projects). 


(3) Management Surveys. Management Division, 
OQMG, tc complete six (6) 9M System-wide Management Improvement 
cyclic Management Engineering Surveys during FY 1957. 


(4) Organization, 


(a) OMG Organization Manual, Management 
Division, O7MG, to accomplish one complete review of MC Manual 
19-10 during FY 1957 and revise manual as necessary, authorizing 
publication of a maximum of eight changes to the manual during 
the fiscal year, Each Chief of an office or division in OMG 
to review his portion of \iMC Manual 19-10 at least once during 
FY 1957 to assure the accuracy and currency of the statements 
therein and advise Management Division of any discrepancies, 
and recommend additions or deletions as necessary, 


(b) Single Managership. Management Division, 
OMG, complete the organizational implementation of single 
managership assignments, 


(c) Quartermaster Commands, Management 
Division, OWMG, undertake and complete during FY 1957 a review 
of the organization of M Commands, seeking improvement in the 
organizational structure thereof. 


(d) MC Manual 19-13, Management Division, 
OG, to accomplish one complete review of ‘MC Manual 19-13 
during FY 1957 and revise the manual as necessary, Management 
Division to perform a continuing review of additions, deletions, 
and changes to MC Manual 19-13, Each supervisor in OMG to 
review those portions of )MC Manual 19-13 in which he has a 
primary interest at least once during FY 1957 and recommend 
such additions, eujotions or changes thereto as ney be necessary. 


(e) QM Missions, Management Division, OMG, 
during FY 1957 to complete development of QM media for mission 
assignments, 
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(f) Services to Non-JM Activities. 
Management Division, 0 MG, during FY 1957 to complete indexing 
of services provided by ‘\M installations to non-Quartermaster 
activities, 


(g) Mobilization Plans, Manayement Division, 
OIMG, during FY 1957, undertake and complete a study of mobili- 
zation plans, 


be THE QUARTERMiSTER INST. LLATIONS MANAGEMENT ENGINE- 
ERING 1] POINT PLAN FOR FISCAL Yeic 1557 (™ MEP) for Quarter- 
master Installations and Activities of the % System. The gene- 
ral objectives stated in par. 1 above shall be implemented 
through a dynamic and realistic Management Engineering Plan, 
hereinafter referred to as the MEP, by each Quartermaster instal- 
dation (and activity sevarately located), based in part upon 
the specific objectives below, 


(1) Management Engineering Surveys 


(a) Point 1 of the MEP: Systematic Cyclic 
Manapement Reappraisal Surveys (MRS's). Complete comprehensive 
Surveys need be made only of the Storage and Depot Maintenance 
Divisions. Problem identification surveys shall suffice for all 


other —— elements during FY 1957 (Also see par, 3b - 


Policies). 


(b) Point 2 of the MEP: Industrial Engine- 
ering — Engineered Performance Time-Standards CEPTS). ALL depots 
and Fort Lee shall provide personnel to be trained in industrially 
engineered methods and time-standards work measurement techniques 
in accordance with WC Circular 178, 21 September 1955. Techni~ 
cians training classes shall be conducted by the Atlanta General 
Depot for Atlanta technician trainees (Class No. 3), by the 
Columbus General Depot for Columbus technician trainees (Class 
No. 4), by the Jeffersonville YM Depot for technician trainees 
from the Jeffersonville, Fort Worth and Memphis Depots, and by 
the Utah General Depot for technician trainees fram the Auburn, 
Sharpe and Utah Depots, Richmond ™M Depot shall conduct guided 
application training for technician trainees from Belle Mead, 

New Cumberland, Philadelphia, Schenectady, Richmond Depots and 
Fort Lee. All Depots and Fort Lee shall begin engineering 
methods and standards on a productive basis at their installaticns 
by 1 January 1957, The 3M target sets a minimum of 10% cover- 
age of operations at each of these installations during FY 57 
with the WM target for completion of camplete coverage (first 
cycle) established for 31 December 1959, although there is a 
likelihood that the target for 100% completion of the program 
(first cycle) may be advanced to 31 December 1958, in conforn- 
ence with DCSLOG requirements, Each depot and Fort Lee, during 
Fiscal Year 1957 shall: 


1. Identify the areas and operations 
susceptible to covcrage by EPTS, 
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2. Establish priorities for pregres- 
sive application of EPTS, 


3< Maintain "before and after" 
records upon which evaluation of the 7M EPTS Program savings 
and benefits can be based. 


4, Seek maximum methods improvement 
and process improvement in installing engineered standards, 
consistent with the schedules adopted for installing standards 
and standard control systems, 


5S. Specifically incorporate an In- 
dustrial Engineering EPTS segment in the FY 57, FY 58, and FY 59 
Management Improvement Plan for the installation, 


6, Attach EPTS schedules and progress 
against such schedules as Part IV of each Quarterly Management 
Improvement Report to 


7, Undertake EPTS implemertation in 
coordination with all operating and staff personnel and organi- 
zations which are concerned or affected, in order to utilize 
all experience and skills available and to obtain proper bal- 
ance, cooperation, understanding, ami acceptance, 


8. Establish an EPTS Cemmittee which 
shall represent such interests and experience indicated in sub- 
para 7 above for obtaining proper coordination and acceptance 
at the installation, 


(c) Each QM installation other than a depot 
or Fort Lec, shall identify those areas and operations which are 
feasible of and susceptible to establishment of engineered stan- 
dards, and shall establish priorities for progressive application 
of industrially engineered standards and submit a list of these 
areas, operations, and priorities to Management Division, 02M, 
for review and concurrence. Subsequently, methods and standards 
technicians shall be trained at selected 0M training sites begin- 
ning prior to the end of FY 1957, An EPTS Committee shall be 
established subsequent to the training of methods and standards 
technicians for the installation, 


(d) Point 3 of the MEP: Special Manage- 
_ment Engineering Projects. Study or survey selected organiza-~ 
tional elements, major functions and processes, inadequate or 
substandard performance or utilization of resources, and ad- 
ministrative ccntrol requirements including reports enntrol, 
records management, and forms control, Seek through special 
projects, solution of problems identified during cyclic manage~ 
ment reappraisal studies which were not resolved during latter 
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studies, At depets, further implement the Depot Command Manage~ 
ment System, At all depets conduct projects for the installation 
Program Coordinator and Program Advisory Committee, Prepare and/ 
or maintein mobilization and domestic emergency plans. Conduct 
such other special projects as are requircd or desirable, 


(e) Point 4 of the MEP: Management Systems 

Research, Identify problems desirable and economically feasible 

and susceptible to, solution by the application of Operations 
Research techniques (particularly applicable to those instal- 
lations which were represented in the QM Operations Research 
techniques (particularly applicable to those installations 
which were represented in the QM Operations Research Class #1 
and similar subsequent classes), Aftcr first definitely 
having ascertained the feasibility, desirability, and economic 
preferability, utilize and apply discriminatingly and selec- 
tively operations research techniques and tools to the best 
pcessible advantage when such tools are supericr to other 
scientific management techniques ami tools previously available 
and are likely to provide a better solution, and a greater re- 
turn for a smaller investment of time, funds and other considera- 
tions, 


(2) "Self-Help" Programs (Staff Direction and 
Technical Sunervision of) 


(a) Point 5 of the MEP: Work Simplifica- 
tion Program (WSP), Train all supervisors who have not satis- 
factorily completed the 12 hour Department of the Amy werk 
simplification course since 1951. Require each supervisor 
who has satisfactorily completed a 12 hour training course since 
1951 to submit at least one installable work simplification pro- 
posal during FY 1957. Require each supervisor to maintain a 
current Supervisor's Management Manual, 


(b) Point 6 of the MEP: Planned Management 
Improvement Projects. Require each supervisor at every organi- 
zational level to identify one area or problem within his juris- 
diction for significant improvement during each quarter of FY 
1957 and to report progress on each planned improvement 
quarterly until completed and implemented. 


{c) Point 7 of the MEP: Coordination and 
Staff Supervision of All Management Engineering Personnel and 
Activities, Establish a Management Improvemat Ceuncil of manage- 
ment engineering and mana; anent engineering type personnel to 
meet quarterly to coordinate manarement improvement cfforts and 
activities, exchange ideas, and motivate increased participa- 
tion in the Management Improvenmt activities of the installaticn. 
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(a) Point 8 of the: MEP: Standardization 
and Documentation of Policies and Procedures, Accomplish a com- 
plete reyiew of a random sampling of installation policies, and 
procedures, Ir. addition, each organizational element of the in- 
stallation to review those policies and precedures of primary 
interest and concern to the organization at least once during 
FY 57 and recommend such additions, deletions, or changes as 
may be necessary to bring the pertinent policies and precedures 
up to date, 


(b) Point 9 of the MEP: Management and 
Industrial Engineering Self-Improvement. Deveiep and conduct 
an intérnal management and industrial engineering training 
program for such personnel as are not assigned to the \M EPTS 
Program (MEP Point 2) for at least thirteen consecutive weeks 
during the last half of Fiscal Year 1957. 


(4) Other 


(a) Point 10 of the rxP: Planning, Program- 
ming, Scheduling and Reporting. 


1, Develep and promulgate early during 
the kth Quarter the annual Installation Management Improvement 
Plan (MIP) which shall include a Management Engineering Plan as 
2 segment thereof, which MEP shall have an overall tentative 
master schedule of activities, based upon the MEP for the entire 
fiscal year, of which »nly the first month shall be firm and the 
others tentative. 


2- Develop and promulgate during the 
2nd warter 2 Management Engineering Plan for the calendar year 
to be substituted for the Management Engineering Segment of the 
FY Installation MIP. In effect this constitutes a revision of 
thc management engineering segnert, bringing it up to date for | 
the subsequent 12 months, end in effect providing a recurring 
semi-annual revision, 


3. Prepare and publish monthly 
schedules of management enginecring projects each covering a two 
months period, 


4. Prepare and submit to O)MG a 
quarterly management improvement report (RCS CSCAM-10(R2)). 


(b) Point 11 of the MEP: Miscellanemas, 
Include in the MEP the following: Exchange of Ideas, Organiza- 
tion Control, Manpower Utilization and Control, Forms and Reports 
Gontrol, Statistical and Program Review and Analysis, and Graphics 
Services and Consultation, 


c™ 
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#3) - Management Assistance 


SECTICN II - POLICIES 


General, iianagement engineering activities within the 
Quartermastcr System shall be conducted with least -nterference 
to operations, in recognition of and conformance with command 
prerogatives, and consistent with requirements by higher author- 
ity. All major problems heving signifieant improvement poten- 
tial shall be resolved or referred to appropriate action elements 
for timely resolution, and agreement shall bc reached expeditiously, 
within available resources so that savings and benefits may be 
realized promptly. Solution to minor problems may be deferred 
in the interests of maintaining schedule accomplishment, achieving 
timeliness in soluticn and implementation of major problems, and 
gaining time for othcr potentially mere productive projects. 
QM management and industrial engineering personnel shall be alert 
at all times to adapt or aoply the latest proven management 
techniques and tocls to QM System operations, 


a» WITHIN THE OFFICE OF THE QUARTERMASTER GENERAL. 
(1) Management Assistance. 
(a) Management Engineering i.ctivity Pre- 
gram. Preparation shall begin early in the 3rd Quarter. Each 
branch chief in the Manegcment Division and the Executive 


Secretary of the 9M Incentive Awards Committee shall submit 
their incividual segments by the end of January. 


(b) Management Improvement Plan, A Manage- 
ment Improvement Plan for the Quartermaster System shall be pre- 
pared in accordance with par. 11, AR 1-60, 


(c) Industrial Engineering - Engineered 
Performance Time-Standards 


1, Target for Completion. The @ 
target for completion of the first cycle coverage of the pro- 
gram at QM System depets by 31 December 1959 was established in 
QMC-Circular 178 dated 21 Septcmber 1955 based on the total num 
ber of personnel authorized to implement the program. The total 
number of personnel authorized is based on an empirical ratio 
of one methods and standards personnel required for every 200 
personnel in mission opcrations (storage, depot maintcnance and 
stock control) or a ratio of one-half of one percent per 100 mis- 
sion personnel, The original ratio determined necessary te begin 
such a program and complete one cycle coverage within two years 
(by December 1958) was one technician per 100 personnel or a-ratio 
of one percent per 100 employees in operations susceptible to the 
engineering of methods and standards. When the total cstimated 
requirement of personnel to implement the program was reduced 
by 50% the initial effort was limited to mission activities at 
depots and the target cxtended to December 1959. If the DCSLOG 
target of 31 December 1958, which is one year earlier than the 
WM target and includes 2l1l operations sueceptible to engineering 
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of standards at all installations, is to be met additional clas- 
ses will have tc be authorized by OIMG and additional metheds and 
standards technicians trained during Fiscal Year 1957, The tar- 
gets for progress in implementation arid completion of the first 
cycle coverage based on current QM policy contrasted with sug- 
gested targets te meet the DCSLOG target are indicated below: 


FY 57 FY 58 FY 59 FY 69 


QM Policy 1% 5% 106 15% 20% 30% LOL 50% 60% 70% 80% 90% 100% 


DCSLOG 5% 10% 20% 35% 50% 65% BO = 
Target 

2. The first half of FY 57 shall be de- 
voted to completion of the "tonling=-up" process for the program, 
completing training of the nersonnel (five classes) authorized 
in QMC Circular 176 of 1955, and beginning the systematic in- 
dustrial engineering of methods and stcndards in storage and 
depot maintenance operations at depots (support activities at 
Fort Lee). 


(d) Management and Industrial Engineering 
Research, Development and Applications, Menagement Divisien 
shall engage in continuing management, manzegement engineering 
and industrial engineering, research, development and applica- 
tions with participation and assistance from QM installations as 
required, consistent with the manpower resources availarleo 


(e) Work Simplification, Management 
Division shall train, guide and assist (through continuing 
follow-up) 211 supervisors in 0°MG in the making of systematic 
improvements in their operations through the use of work simpli- 
fication techniques and the maintenance of a current Super— 
visor's Management Manual by cach suvervisor (except that only 
one manual is required where there is a military chief and 
civilian assistant chief); and also give continuing impetus 
to the program in order to sustain interest and maintain a high 
level of productivity, Resulting outstanding improvements to be 
referred to the Incentive Awards Committee for consideration. 
WSP training to be given only py qualified management engine- 
ering personnel having an ability to train personnel in clas- 
ses not to cxceed 15 trainees, and preferably 10 or fewer, 
over a minimum of 12 hours instruction and laboratory sessions. 
Submission of an installable prepcsal is a requisite for sat- 
-isfactory completion of training. For the purpose of the WSP, 
@ supcrvisor is defined as the head of cach organizational ele- 
ment authorized in the organization manual {QMC Manual 19-10). 
Managament Division, OMG, also shall continue its staff direce 
tion and technical supervision of the work simplification pro- 
gram 2t QM installations and give impetus to sustaining the 
program in the ficld at a high level of interest and produc- 
tivity. 
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(f) Planned Improvement Projects. Manage- 
ment Division, O(MG, shall entourage each supervisor at every 
organizational level to identify projects within his jurisdic- 
tion for significant improvement in order to generate specific 

action in removing management deficiencies, and to report on 
accomplishment or progress toward accomplishment of each planned 
improvement at the end of each Management Improvement Reporting 
period, with outstanding improvements to be referred for con- 
sideration by the Incentive Awards Committee. Also, each super~ 
visor at every organizational level shall be encouruged to de- 
- termine quarterly the clements or operations of his orgeniza- 
tion where the greatest relative emphasis for improvement 
cffort should be placed; and to identify outstanding improve- 
ments (not limited to accomplishments of planned improvement 
projects or to accomplishments by supervisors only) for en- 
couregement, recognition, as an incentive to further improve- 
ments, anc as a measure of the results of the improvement ef- 
fort in each organizational element, 


(g) Coordination and Staff Supervision 
of all Manapement and Industrial Engineering Perscnnel and 
Activities. Management Division, OMG, shall coordinate the 
activitics of cll management and industrial engineering and 
management cngineering type personnel throughout the 2M System 
and wrovide staff supervision to such personnel in order to 
avoid unnecessary duplication in management and industrial 
engineering efforts and to intcgrate such efforts into the most 
effective homogeneous force for optimum management improvement. 


(h) Exchange of Ideas. Manegement Division, 
e@mm, shall provide recurring managcment assistance through the. 
broadest dissemimtion of management information and the maximum 
exchange of ideas and improvements (W, Army, Defense Establish- 
ment-wide), Each supervisor at every echelon throughout the 
vi System is responsible for referring to Management Division 
Significant information for possible dissemination, and out- 
stending improvenents and ideas for possible exchange or circu- 
lation among other organizational elements and among instal- 
lations and activities in th field, 


(i) Manegunent and Industrial En ineering 
Self-Improvement. Management Division, 

and steadily increase the proficiency of QM management and val 
dustrial enginccring purssnnel through training programs and 
management devclopment programs. 


(3) Management and Industriel Engineeri 
Ficld Evaluations, Management Divisicn, OMG, shall strive 
provide maximum Sactetonne on an annual basis (more or a 
through systcmatic management and industrial engincering on- 
site evaluations in order to enhance continually the effective-~ 
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ness of man-gement engineering staffs throughout the 2 System 
and thereby increase the value and gains potential of, the manage- 
ment and industrial cngineering personnel ct each installaticn, 


(k) Reporting Management Improvements. The 
management improvement repert is the medium by which each or- 
ganizational element (OWG Offices and Divisions, and QM in- 
stallations and activities) informs The Quartermaster General 
of its improvement cffeorts, Evaluation of progress and the 
extent of management improvement in cach organizational element 
will be based on the outstanding improvements, manpower activi- 
ties, and work simplification propnsals reperted. The informa- 
tion submitted by organizational elements will also be used as 
a central source of information for portraying the QM System's 
efforts to improve its operctions, as well as source material 
for reporting outstanding accomplishments bi-weekly to the 
Assistant Secretary of the Army (Logistics), 


(1) Managiment and Industrial Engineering 
Services Contract at Philadelphia “WM Depot. Maximum return 
frem investment in contract to be derived at the carliest op- 
portunity, 


(m) Office Machine Systems. Management 
Division, O°MU, shall strive to keep current on latest develop- 
ments in this field and conduct industrial engineering studies 
ef those systems and equipment of greatcst potential value to 
the QM System, 


(n) CQMG Management Engineering Field Repre- 
Scntatives shall be well rounded generalists in all-aspects 
of management and industrial cnginecring in order to provide 
eptimum liaison with the inst2llations and activities in as- 
signed geogrephic areca. 


(0) Continuing Program Objectives, Other 
objectives which are cxceedingly difficult if not impossible to 
schcdule and gcncrally equally as difficult or impossible to 
measure but which have « significant impact upen the provision 
of management and industrial engineering services are: 


1, Mancgement Consulting Services, 
Management Division, © MG, shall provide management consulting 
services throughout the QM System. This includes management 
engineering and industrial engineering consulting services. 


2. Special Prejects Requested by TQMG 
and Other Officials, These cannot be anticipated but frequently 
are time-consuming. 
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3c Participation on Task Groups, 
Committees. etc, Participation on the QM Autematic Data Pro- 
cessing Systems Task Group, the U. S, Civil Service Board of 
Examiners for Industrial Engineers, and various C-mmittces- 


he Cost Consciousness Program wehbe 


ship. 


5. Staff Dircction of IM System 
Management and Industrial Engincering Staffs and Personnel, 
Provision of managment assistance on request or ag required. 


6. Management ‘Engineering Public Re- 
lations.for .M System, Management Division, OOMG, provides 
mancgement consulting service, guidance, advice, and informa- 
tion: upon request to other technical scurvices of the Department 
of the Army, and also upon request to the Departments of the 
Navy and Air Force, and other non~-Defense federal government 
agencies. Also presents status, pregress, concept, and accom- 
plishments of the QM Management Improvement Program and the QM 
management engineering efforts to professional societies and 
associations and others, 


(2) Management Systems, 


(a) Management Systems Research. Management 
Division, OMG, shall identify problems desirable anc economically 
feasible of, and susceptible to solution by the application of 
Operations Research techniques. Management Division, OMG, 
shall constitute Management Systems Research Teams where the 
magnitude of the problem warranis such approach, augmented as 
necessary and desirable by perticipants frem other O'MG elements 
and QCM installations, Management Division, CQMG, shall also 
apply discriminatingly and selectively the operations research 
techniques and tools to the best possibic alivantage when such 
techniques and/or tools are superior to other scientific manage- 
ment techniques and tools previously aveilable and are likely 
to cncrate a better solution and a greater rcturn for a smaller 
investment of timc, funds, and dther considerations, Management 
Division, OMG, also shall consider the feasibility and desir- 
ability of constituting Manag:ment Systems Research task groups 
comprising 09M end intercsted installation personnel, and aug- 
mented as necessary, by WAE (When-Actually-Employed) experts er 
consulting personnel, or recommending contractual arrangements 
when evaluated best frem all aspects and considerations. 
Management Division, on its om initiative, shall also recommend, 
where oppropriate, <ither referral of major preblems to the 
Army Operations Research Office or utilization of contractual 
arrangements where the interests of the QMC will be served best 
by the latter approach, Management Division, 0 MG, shall provide 
progressively increasing guidance, assistance, staff and techni~ 
can dircction and supervision over management systems research 
activitics throughout the QM Systeme 
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(b) Electronic Automctic Data Processing 
Systems, Mcn:gement Division, 0.MG, to continue active parti- 
cipation in man-gement systems research and analysis seeking 
potcnticl WM applications of electronic cutomatic data preces- 
sing systems, To whetever extent possible, integrate the 
ADPS effort within the overall structure of management systems 
research, as one or two teams of the total management systems 
research groupe 


(3) Management Surveys. OMG Systcm-wide Manage- 
ment Improvement Surve>® sha. be sch duled on a cyclic basis 
covering primarily functivunal areas which in (CMG may cress 
orgenizational lines and sre concerned with both departmental 
and figld activity, Scme surveys in this program are directed 
at specific organizational elements in OMG, Surveys serve to 
analyze program objectives and to cvcluate the apprepriateness, 
effectiveness, and economy of pclicies, procedures, and organiza- 
tion, for attainment of program targets. 


(4) Organization, 


(a) Organization Control, Management 
Division, CQMG, shall exercise system-wide contrel of organiza- 
tionel structures to provide maximum standardization and con- 
comitant cffectiveness, efficiency, and economy of eperations, 


(b) Special Management and Industrial 
Engineering Surveys ond Projects, Managument Division, OQMG, 
Shall make studics or manzgement and industrial engineering 
surveys of selected organizational elements of the Office of 
The duartermastcr General, of major functions and precesses, 
and of inadequate or substandard performance or utilization of 
resources, These studics shall include organizctional studies, 
overall functional manegument enzincering surveys, and special 
management engineering projects as dirccted, requested, or Ire=- 
quired, and shall detirminc through p.riodic non-cyclic ap- 
praisals the need for refincment, r vision or improvement of 
policies, mission, org-nization, precedures, and functions for 
ercatcr effectiveness, efficiency, and economy. 


(ce) Standardization and Decumentatien of 
Policics, Systams, Procedures, and Work Methods, Managcment 
Division, O°NG, shall provide" continuing management cssistance 
throughout the MM System on the stendcrdization and documenta- 
tion of policies, systems and nrocedires, inc shall cst-blish 
end maintain adequete controls over such standardization and 
document ation, 


(ad) Management Consulting Services, Manage- 
mer.t Division, OMG, shall provide management consulting services 
throughout the $M System on organization, missions, procedures, 
orgenization manucls and procedures manuels,. 
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De FOR UARTERMASTER INSTALLATIONS AND ACTIVITIES 
(9M 11 PCINT MEP ) 


(1) Management Enginccring Surveys 


(a) MEP Point 1: Cyclic MRSts, Each in- 
stallation shall survey each of its organizational elements 
(or functional areas) annually on the basis of a 3~Cycle varied — 
approach (one complete comprehensive MRS every three years) 
except that during Fiscal Year 1957 complete comprehensive 
surveys necd be made only in Storage and Depot Maintenance 
Divisions, problem identification survcys suffioing for all 
other organizational elements. This authorizes a suspension 
of complete comprehensive mancgement rcappraisal surveys of all 
organizational elements except Storage and Depot Maintenance 
for this fiscal year only, thereby extending the normal 3-Cycle 
varied approach to a Cycle period (FY 57 through FY 60) in- 
sofar as complete comprehensive managemcnt reappraisal surveys 
are concerned in order to release available management engine- 
ering mardays to better adjust to current and anticipated ac- 
celerated demands, Further, management, reappraisal surveys of 
any type are not required of organizational elements with fewer 
than eleven (11) personnel spaces, and shall not be made o 
organizational elements having fewer than six (5) personnel spacer, 


(b) MEP Point 2: Industrial Engineering - 
Engineered Performance Time-Standards, (Also see par, 
above). A Methods and Standerds Branch shall be established in 
the Management Enginecring Division at each depet and Fort Lee 
which branch shall have the sole and exclusive responsibility to 
industrially engineer methods and standards, The methods and 
standards branch personnel shall establish all engineered per- 
formance time-standards at all installations except in the 
Philadelphic Depot's Manufacturing Division and in the Ordnance 
Depot Maintcnance Shep at the Atlanta General Depot. No person 
nel shall be eligible or authorized cither to engineer time- 
Standards or to instruct other personnel in engineered time- 
standards work measurement techniqucs unless such personnel have 
satisf-ctorily completed the prescribed QM covrse and training 
period as evidenced by thc award of an appropriate certificate 
as an instructor or practitioner. Neither shali the Methods 
and Standards Branch at any )M installation be headed by anyone 
except personnel duly treined and certified by 0)MG as authorized 
personnel, The head of the Methods and Standards Pranch shall 
report directly to the Chief and/or Assistant Chief of the 
Management ingineering Division, Methcds and Stendards personnel 
shall not be assigned any other duties nor participate in 
mangement reappraisal studies or othir management enginecring 
division projects, They may serve as consultants on these other 
projects on 2 limited minimum time consuming basis, The person- 
nel requirements for the M EPTS Program set forth in Annex C of 
‘MC Circular No, 178 dated 21 September 1955 arc minimum require~ 
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ments but the totcl additional required column on Annex C represent 
the maximum cdditional personnel spaces to be made available 

during FY 1958 by OOMG. However, if the installation commander 

can meku additionel personnel spaces available from within his 
existing resources he may if he sees fit augnent the staff of 

the Methods and Standards Branch in order te accelerate imple~ 
mentation of the program so long as all additional personnel 

are trained by OQMG licensed instructors for a minimum of 26 

weeks and so long as such augmentation does not derive from 
personnel reductions previously committed to OQMG, 


(c) MEP Point 2 Continued, Pricrities, 


1. All depots except Fort Worth, 
Jeffersonville, Richmond, and Utah shall engineer time-standards 
in depot operations in the following order of priority: %M 
Storage Division first; - at general depots followed by all 
other Storage activities, - and then by all Depot Maintenance 
activities in order, 


2. Jeffersonville, Richmond and Utah 
shall engineer time-standards first in QM Depot Maintenance 
Operations. Utah will then concentrate on ail other depot 
maintenance operations, and then on storage operations. 
Jeffersonville and Richmond will proceed from depot maintenance 
to storage. 


3e Fort Worth shall start in the 
Signal Supply Section. 


le Fort Lee may set its own priorities. 

‘In order to avoid duplication and 
accelerate implementation, close control and integration of areas 
of coverage at and by each installatiou shall be maintained at 
all times by OMG (Management Division). 


(4d) MEP Point 2 Continued. Revised Inte- 
grated Approach for Attaining Maximum Benefits from Engineered 
Performance Time-Standards and Accelerating implementation of 
the Program, Target for all installations beginning produc- 
tive installation of engineered time-standards is generally 
January 1957, Accordingly, 


1. Beginning immediately each in- 
stallation solicit and encourage personnel within the top- 
priority activity indicated in par, c above to submit a maximum 
number of employee suggestions and work simplification propesals 
during the lst Juarter, FY 57, This to be followed in the 2nd 
Quarter, FY 57, by a complete comprehensive manaement re- 
appraisal study of the top priority. elenent. Time-Standards 
would be engineered in the top priority clement as soon as 
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trained personnel are available, regardless of some overlapping 
‘in point of time with the man:gement reappraisal study. In- 
stallation of time-standards would be followed by a special 
management engineering sruvey for the purpose of following up on 
the implementation of recommendations of all preceding phases, 
This approach to be repeated within one activity after ancther 
on the basis of the pricrity accorded each activity for the 
engineering of time-standards,. 


2e Maximum attention to be devoted 
by the methods and standards technicians to development of 
standard data and the interchange of standard data among QM 
installations, 


3. Priority of utilization of in- 
dustrial engineering techniques in each instance, depending on 
feasibility, time, and cost, to be standard data, BMT (MTM in PQMD 
Clothing Factory), stop-watch study, work sampling, engineered 
statistical standards, engineering estimates, and staffing pat- 
terns. 


{e) MEP Point 3: Special Management 
Engineering Projects, Management Consulting shall be considered 
special projects, This includes, at a general depot, the ser- 
vices furnished by the depot storage consultant. In planning 
and developing the instaliation MEP be liberal in allocating 
estimated mari-days requirements for special projects, .using 
special projects to provide a measure of flexibility in the 
program, Cf all the elements of an installation pregram it is 
MEP Point 3 - Special Projects that will be mest susceptible to 
widely fluctuating demands, most difficult to plan, and control, 


(f) MEP Point 4: Management Systems Re- 
search, (Also see par, ja(2) above.) IM installations and 
activities when in doubt as to the suitability, desirability, 
or applicability of appropriate operations research techniques 
and tools shali refer such doubtful potential applications to 
Management Division, 0 MG, for guidance and assistance. QM 
installations. and activities also shall refer to Management 
Division, CQMG, problems identified as susceptible to a profit- 
able operations research team approaches 


(2) "Self-Help" Programs 


(a) MEP Point 5: Work Simplification 
Program. Policies stated in par. 3a(1)(e) above are applicable 
here too, Schedule, for retraining, beginning yth carter, 
FY 57, supervisors previously trained but who have not submitted 
an installable work simplification proposal during the three 
years prior to 31 December 1756, Publicize this and exempt from 
retraining requirement those supervisors who submit an instal- 
lable proposal during 3rd warter, FY 57, following prior pub- 
licity of plan to retrain supervisors, 


| 


(>) MEP Point 6: Planned Management 
Improvenent Projects, Policies stated in par, 3a(1)(f) above 
are alse upplicable here, The same definition of a supervisor 
used for \.SP applies here also, 


(c) MEP Point 7: Coordination and Staff 
Supervision, The Management sngineering Division shall coordin- 
ate the activities of all management engineering and managemmt 
engineering type personnel within the installation, 


(3) Marseement Assistence 


(a) NEP Point 8: Standardization and 
Locumentation of Policies and Procedures, The Management Engine- 
ering Division shall provide continuing management assistance on 
the standardization and documentation of policies and vrocedures, 
and shall maintain adequate controls cver such stundardization 
and documentation. 


(b) MEP Point 9: Management and Industriel 
onginecring Self-Improvement. Management and industrial engineering 
personnel are to be encouraged to join and participate in activi- 
ties of professional societies and associations, 


ih) Other 


(a) MEP Point 10: Planriing, Programming, 
ocheduing & Reporting. Each annual MIP to include a iong range 
plan covcrizg a csviod of time equivalent to and coinciding with 
four (lL) plannec evcles of management reappraisal surveys cover- 
age (k years) for FY 1907 cnly, 


(ob) MEP Point 11: Miscellanecus, 


{c) MEP Point 12: Optional Elements, During 
regular management. and industrial enginecring field evaluation 
visits credit in the form of bonus points is awarded an instal- 
lation for implementation of the optional elements of the pro- 
gram. No penalty is assessed if the optional points have not 
been implemented. 


4, References, The following references prescribe rules 
and regulations affecting the execution of this vorogram. 


AR 1-60 

AR 10-82 

SR 11-110-1, 780-5-1, 10-10-1, 10-10-2 

DA Program Uocument Ne» 2 

DA Pamphicts, 20-345, 20-300, 20-301 

PL 429 - 80th Congress 

BOB Bulletin A--A 

Executive Crder No. 1LOO72 

DA Pamphlet No. 35-10, The Comptroller's Guide. 
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TH PROGRAM SCHEDULE | PROGRAM ScHEDULE FoR 
Xl CCPERATING PROGRAM SCHECULE | SHANSE No. Mareh 

PHASED OBJECTIVES OR WORKLOAD FIScaL YeaR 1957 
QREAKCOWN OF ACTIVITY/SUB-ACTIVITY UNIT FISCAL PROJECT (13) 
(*hjectives ond Vorklond) 
(20 (12) 1ST QTR 20 QTR 30 QTR STH QTR TOTAL 
56 Continued 
c. Ea. OQMG Supervisor to Hawa Coverago 2012 25% OS 75% 300% 100% 
Current Supervisors Manual 
6. Plenned Mgmt. Improvement Projects Projoct 0 1 0 1 2 
by each OQMG Supervisor 
7. Coordination of Mgmt. Engg. Activitic 
a. Establishment of a QM Work 
ment Panel Project 0 i 0 0 i 
b. QM Work Measurement Panel Mo. Mtge. 0 1 3 3 7 
Cc. | Establish a QM Management impvi. 
Council Project 0 0 1 0 1 
de QM Mgnt. Improvement Council Quarterly 
Migee 0 0 i 2 2 
8. Exchange of Ideas 
a. Distribution of OCA Mgmt. Info. Packet 3 3 3 3 12 
be Distribution of Qi Mgmt. Info. Packet, 1 1 1 1 4 
c. Circulation of QM Memt. Imtreverst) Project 1 1 1 i 4 |} 
9. Revision of QM MCIP for Trg. Mgnt. Project 0 1 1 
Engg. Personnel in the QM 
793 -.- 26-22 
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PROGRAM CONTROLS FOR USE WITH MACHINE TOOLS 
(Controls that Think and Act Automatically) 


Harry L. Palmer 
Manager-Engineering 
Speciaity Control Department 
General Electric Company 
Waynesboro, Virginia 


Program control for factory machines is the first step 
to automation. This step is reasonably easy to evaluate 
in order to determine the financial feasibility of the 
proposed application. Due to the fact that this type of 
control tends to make a variety of specialized machines 
out of one general purpose machine, very little trouble 
is encountered in justifying such equipment. 


The general -concept for the use of a pre-determined program 
requires the machine to utilize some type of information 


storage means. This storage means classifies the control. 
For example: 


1. Time or sequence program. 

2. Tracer contrcls using physical templates. 
3. Punched cards or punched tape. 

4, Magnetic tape. 


These storage means can further be classified as analog 
or digital. By analog we mean a continuous control that 
performs in a general or approximately specified manner. 
By digital we mean a control that responds to exactly 
specified information such as counting or working to 
exact measurements. It must be kevt in mind that there 
is no fundamental difference in the accuracy of these two 
systems, although the word description tends to classify 
the digital as the more accurate of the two. 


The time or sequence program type of equipment can utilize 
cycles of the supply frequency or second-counting techniques 
to determine the desired timing of an operation. This same 
timing operation could also utilize a motor driven cam to 
open and close a contact to give the desired timing interval. 
The first would be the digital approach and the second would 
be the analog approach. It is obvious that the accuracy 
would be determined by the size of the time increments being 
counted or the accuracy of the shape and speed of the cam. 
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The tracer control type of program equipment using a 
physical template is truly an analog type of equipment. 

In this case, we prepare a template or use a sample of the 
part to be manufactured and closely follow its contours with 
a mechanical feeler or stylus that will control a machine 

to reproduce a part. This type of equipment could be a 
brute force follower system with the stylus held against 

the template with a spring strong enough to overcome tool 
reaction. The other extreme would be a very sensitive 
amplified control that would exert only ounces of pressure 
against the template and yet, would be capable of controlling 
precisely a large electric motor or hydraulic system that 
positions the cutting tool. 


A punched card control utilizing the conventional business 
machine card,such as an IBM or Remington Rand Card, will 
store digital information. However, the reading equipment 
used to read the card can convert this digital data to 
analog information for the control of the machine. This 
reading equipment can also supply digital information for 
the control of the machine and thus, be a truly digital 
control. These comments apply equally well to punched 
tape equipment, which is obviously just the same as 
fastening a number of cards end to end and running them 


over a drum rather than reading them sequentially from a 
stack. 


Control equipment using magnetic tape can be either digital 
or analog. It is possible to store digital information on 

a magnetic tape as is done on many large high speed computers 
today. This information can be read out as digital inform- 
ation and used as such or translated into analog information 
for the control of the machine. It is also possible to 

store analog information on a magnetic tape by recording 
electrical voltages that are an indication of desired 
machine operation or position. 


There are equipments of the above types available in various 
forms from various sources for use on manufacturing processes. 
I am sure everyone is familiar with the motor driven cam 
switch used to sequence and time processes. There are a 
number of manufacturers producing such equipment either 

utilizing the motor driven cam shaft or combinations of 

individual timing elements tied together to perform the 

desired sequence. 


The tracer control utilizing a template or sample part is 
broadiy classified into three classes: | 
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1. The brute force or direct follower described 
previously is tco obvious to be discussed further. 


2. Hydraulic tracer controls utilizing a stylus 
driven valve to follow the template used to control a 
hydraulic piston or motor to position the tool or work 
piece. 


3. Electrical tracer control systems utilizing an 
electrical control on a2 stylus that follows the template 
which will, in turn, control an electric motor that 
positions the tool or work piece. 


A number of machine tool manufacturers utilize the 
hydraulic tracer system. Probably the best known and 
largest manufacturer of such equipment is the Cineinnati 
Milling Machine Company who supply the Hydro-Tel or 
hydraulic tracer equipment. There are aiso a number of 
manufacturers that build electrical tracer equipment, 
among which is the General Electric Company. 


SLIDE 


Here is a slide showing an electrical tracing head 
following a template and, in turn, controlling the X 
and Y axis movement of the cutting tool. This type of 
equipment is built three different ways: the first, 
single dimensional which moves the tool back and forth 
along a single line and depends on a continuous feed in 
the other axis to give motion across a ork piece. The 
second or two dimensional control, as shown here, is 
arranged to follow the surface of the template ata 
constant speed in any direction in a given plane. The 
third or three dimensional control is a combination of 
these two that gives control in one plane plus a depth 
control vertical to the controlled plane. 


The problems in applying this type of control to a 
machine are truly related to the quality of the machine 
as the backlash and deflection of the machine elements 
are a part of the closed cycle system and therefore, 
seriously influence the stability problems of the system. 
Rigidly-mounted machine parts and low values of the back- 
lash in the gear or lead screws will permit much higher 
speeds of operations with a given degree cf accuracy. In 
other words, accuracy and speed are related to the extent 
that for a given machine condition greeter accuracy can 
be ovtained at lower cutting speeds, or stating it another 
way, if higher cutting speeds are required, accuracy must 
be sacrificed. 
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The development of this type of program control has 

reached a state of perfection that permits cutting speeds 
and accuracy quite in keeping with production requirements 
and tool wear. I want to be sure to leave one thought with 
you and that is, that the accuracy and speed of metal 
removal is a function of the machine quality as well as the 
characteristics of the control. 


SLIDE 


Here is an equipment designed to operate a punch press from 
the information stored in a deck of business machine cards. 
It will be noted that this is a turret type of punch press 
with a movable table so that various holes can be punched 
in a sheet of metal by positioning the table and selecting 
the proper punch. This information for each operation of 
the punch press is recorded on a punched card as shown here. 
The X dimension is punched in inches and decimal parts of 
an inch. The same is true of the Y dimension. The tool 

to be used is recorded by number. By combining the required 
number of these cards, this punch press can be put through 
its paces to produce a complete panel without any manual 
operation except to put in the blank panel and remove the 
finished panel. This is an example of storing digital 
information; however, in this particular equipment, this 
information was used to position selsyns which are analog 
devices. The position feedback from the machine is also 

by means of selsyns geared to each motion of the tape as 
well as the rotary motion of the tool turret. This is, 
therefore, a combination digital and analog control. 


It should be kept in mind that a punched tape could be used 
instead of the punched cards and would require an inter- 
mittent drive on the tape rather than using the sequential 
card reader shown in the slides. 


Equipment is manufactured today using this same general 
principle of information storage on either punched cards 

or tape by using the digital information for the control of 
the machine. In this case, the position of the table and 
turret must be determined by means of a digital feedback 
element. This can be done a number of ways, the most common 
of which is to count divisions of very accurate scribed 
scales fastened to the table and the turret. 


SLIDE“$ | 
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Here is a magnetic tape controlled milling machine that 

works on the analog principle. In this case, there is 
recorded on the magnetic tape a voltage that is equivalent 

to selsyn voltage that has been recorded in accordance with 
the desired position of the machine. With the same type of 
selsyn geared to the machine and used as the feedback element, 
the machine can be controlled continuously as the tape is 
played back on the control. A separate channel or recording 
is required for each motion or machine function to be performed. 
For example, on a lathe it would be necessary to record the 
cross feed motion as well as the longitudinal feed motion 

to completely turn a piece of work. However, in the machine 
shown here, which is a milling machine designed to machine 
airplane wing skins, 14 channels of recording have been 
provided so as to control all of the complex motions and 
auxiliary functions required for completing an airplane 

wing skin. 


In applications of this type, the preparation of the recordings 
is somewhat of a problem as the motions are so complex that 

it is impractical to go through the manual processes to 
accurately record the required motions. Therefore, there 

has been made available a combination computer and director 
with which an operator can take the drawing information and 
prepare a magnetic tape that will control the machine. Thus, 
it is possible to machine practically automatically a complex 
part from drawing information without the use of a skilled 
machinist.:'In fact, this machine is so complex and involves 

so many simultaneous motions that it is considered practically 
impossible to operate it by hand and make full utilization 

of all of the simultaneous motions. Thus, it is rather 
obvious there will be a tremendous saving in machine time. 


Another approach to this same problem would be to use a 
form of the director used to prepare the tape to control the 
machine directly. There are some advocates of this principle 
of control and they are building successful operating 
machines. Most of these types of controls use the all- 
digital approach to the problem and require some form of 
digital feedback from the machine. We have favored the 
magnetic tape link on the basis that one director for 
making tapes from the drawing information can be used to 
make tapes for a number of tape controlled machines. In 
fact, tapes could be made in a central headquarters for use 
on machines in a number of different factories. This is a 
controversial subject in the machine tool industry today 
and each side has about an equal number of supporters. 
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This controversy is closely allied to the digital versus 
analog controversy which will probably end with the 
realization that each system will find its place in 
different types of applications. Either system properly 
designed and maintained will work and give similar 
performance. I have covered what I believe to be the 
principal programming control methods in use today and 
have tried to give you some of the considerations involved 
in each of the methods. Rather than argue as to which 

is the best method, I believe it is best to assume that 
each has its place and all engineers should attempt to 

use the best suited programming method for their particular 
problem. 
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AUTOMATION - MANAGEMENT’S CHALLENGE 


Harry L. Palmer 
General Electric Company 
Waynesboro, Virginia 


Introduction to film “This is Automation” 


Yesterday, the challenge of automation was in the area of equipment 
design. It dealt in the details of designing automatic equipment, 
transfers and controls ~ how to pick up a piece, move it into a 
machine, perform work, and move it out - do it all automatically 

and in the proper control sequence. The problems were for engineers 
to conceive equipment to manufacture parts, fully automatically. 


Today, the challenge is greater for now automation requires Manage- 
ment to consider the whole business. Our thinking must broaden 
instead of dealing only in terms of automatic equipment, Management 
must now consider the relationship between product design, standard- 
ization, marketing strategies, manufacturing facilities, customer 
acceptance, etc. 


We are now becoming aware that the extent to which automation - the 
continuous automatic production concept - can be applied to a 
business is dependent to a very large degree on a “way of thinking" 
on the part of Management. For they must provide the proper climate, 
attitude, and leadership in applying automation to a business. They 
must recognize that it affects all functions of the business - not 
just manufacturing and engineering alone. 


Once Management has recognized the competitive challenge of applying 
automation to their business, just how do they go about meeting 
this challenge? 


As we see it, there are two pre-requisites to applying automation 
today. 


First, you've got to have a desire to automate. You have to want 
to automate as a business. You must be really anxious for it and 
it must have the complete understanding, backing, and enthusiasm 
of your associates and Management. 


Secondly, you have to "get religion" - that is to say, you have to 
believe in the continuous automatic production concept. You need 
to understand that it is a way of manufacturing that begins with a 
"way of thinking” on the part of Management, It has far reaching 
effects, in that it influences your entire organization, your 
suppliers, and your customers. 
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You are all aware of how rapidly our American economy is expanding 
and how it is expected to keep on expanding in the years ahead-- 
so much so that it is estimated that it will increase by some 40% 
during the next ten years, even though the available work force 
will increase by only 14%, 


To meet this growing market then, and to maintain our present 
standard of living, we will have to increase our productivity. As 
our factories become more productive - and more automatic - it 
results in a greater need for Management to integrate the thinking 
between product design, standardization, marketing strategies, 


manufacturing facilities, project financing, and customer acceptance, 


While we have always had the same kinds of problems, today they 
are much broader in scope and more complex, 


With Management thinking in terms of the total business, the effects 
of automation may be demonstrated by discussing briefly some of the 
factors affecting it, 


First, let®s talk about standardization of products and product lines 
p p 


Standardization is one of the keys of economical automation, 
Through standardization, low volume parts may be used on common 
components thus providing the volume necessary for automation. But 
this is only the beginning, for through standardizing our product 
lines, we will have fewer models, and with fewer models of a 
particular item, we will be less likely to run out of stock. This 
means greater customer satisfaction and convenience, and faster 
turnover will mean lower inventory. 


The process of standardization starts with the combined efforts 
of marketing. engineering, and manufacturing. The engineer must 
first think in terms of standardized components and equipment. 
Then, the marketing people must seli it to the customer. The 
customer must be shown that he can obtain more value, better 
quality, for less money, by purchasing a standardized item, 
Standardization is the only solution whereby we can fulfill the 
market demands during the next decade ~ yet we continually under- 
estimate what standardization can do for us and business as a 
whole, 


Next to standardization, probably the most important factor 
affecting automation is simplification, Simplification of product 
design, of manufacturing process and equipment. and of business 
procedure. Through simplification of product design, many manual 
operations may be designed out of the product and at the same time, 
the product can then be designed for automatic manufacturing 
techniques. 
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New office machinery available today offers many opportunities for 
the simplification of routine clerical and accounting procedures. 
Simplification, like standardization, is one of the keys to automation. 


In the manufacturing area, we should be on the outlook for new 
and simplified processes, and new equipment should be designed simply 
so that it is easy to maintain and service, 


This brings up the next important point. The urgent need to train 

9 people - to upgrade their skills, In many industries today when a 
new automatic machine is installed in a plant, adequately trained 
people to run them are not available, nor are there adequately 
trained people to service them. When an automation program is 
started, we should at the same time, start to plan to upgrade the 
skills of those who will be responsible for operating and maintaining 
the program. This applies equally to Management, office personnel, 
and the factory worker, The importance of recognizing the need for 
upgrading the skills of our people and then helping them do it, can 
often mean the difference between success or failure of an automation 
program, 


In discussing automation, the question always comes up regarding 
manufacturing facilities and equipment, Businesses with standardized 
high production lines generally think of equipment in terms of thefr 
product”, Equipment is obtained to manufacture a given product with 
a given design life expectancy. The equipment is flexible between 
narrow limits and it has only the necessary controls and features, 


Businesses that have 4a large variety of products generally think 

of their equipment in terms of “processes”, This type of equipment 
is completely flexible between broad limits and permits the job 
shop operator with high enough volume of similar items to purchase 
fully automatic equipment. 


Management’s decision as to which type of equipment to purchase ~ 
in terms of “product” or in terms of “process” - will become 
increasingly important as we progress in automation, 


Another area which is important to those businesses contemplating 
an automation program, is business planning. Many businesses today 
are already meeting the challenge for better planning ~ both short 
and long-range. The need for better planning, and taking the time 
to do it, can*t be over~-emphasized, Management can delegate the 
planning project to a group of its most competent people, but 
Management can*t delegate the final decisions, 

mes Before concluding. I would like to re-emphasize the importance of 
the attitude of Management's role in the realization of the 
industrial automation, For it’s up to Management - Management with 
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vision, enthusiasm, and imagination - to apply this way of manu- 
facturing to their businesses. They must determine the degree of 
automation that their business requires and can support economically, 
And then develop an overall progressive step-by-step program and 

see that it is properly carried out. Management must also determine 
what changes will be made, whether in product design, standardization, 
manufacturing processes, marketing techniques, or plant layout. 
Some, or perhaps all of these may have to be altered in order to 
apply automation suecessfully. 


While the physical results of automation may be seen as machines 
and equipment on the factory floor, it must begin as an attitude 
in the minds of Management, We cannot just add controls, gadgets, 
transfers or hardware without a well-thought out program. Many 
processes today can be automated - the question is not whether they 
can be automated, but rather, “why” and "when" should they be 
automated? These are some of the challenges today for Management. 


Earlier, I said that one of the pre-requisites to applying auto- 
mation to a business was that you first had to “get religion" - 
that is to say, you have to believe in the continuous automatic 
production concept and understand that it is a way of manufacturing, 


Now just what is this continuous automatic production concept, 
this way of manufacturing? 


To answer that question, we have a film that we would like you 
to see, entitled, “This is Automation", 
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PROBLEMS IN WORK MEASUREMENT 


R. Presgrave 
Vice-President 

J. D. Woods and Gondon, Ltd. 
Toronto, Canada 


Recent events, notably the Westinghouse strike, have thrown certain 
aspects of timestudy and its resultant standards into strong relief. 
Conséquently I feel that my remarks have sufficient timeliness to 
override their lack of originality, I can suggest no quick or 

easy sOlutions to the major problems of timestudy, for there are 
none. There are, however, courses to follow and matters to be 
understood. My only hope is to bring a little perspective to an 
intricate situation - a situation which must eventually be dealt 
with by a meeting of minds, rather than through a Pyrrhic victory 
following a political and emotional battle between labor and 
management. 


In speaking of the problems of timestudy, I realize that these 

are innumerable and, whether trivial or not, each is of consequence 
at the time. However, large or small, they all stem from two 

basic dilemmas. 


One of these is capable of eventual solution by elimination. The 
other is not, and must be lived with. The first relates to the 
technical difficulty of maintaining consistent work-standards ; 

the second relates to the fact that the numbers produced by time~- 
study must be treated as if they were accounting numbers when 

actually their nature is statistical or actuarial. The two problems 
are closely interlocked but lend themselves to separate consideration. 


Let us look at the first problem ~ that of maintaining consistent 
work-standards. You will note that I did not say: “correct work- 
standards“. In this area “consistency” is a much more significant 
term than is “correctness"™. Also, consistency is the most desirable 
quality in work-standards. Consistency is subject to proof, while 
the correctness of an item, being a matter of relationship to a 
standard, is an arbitrary concept and can only be substantiated, 

in the last analysis, on the basis of consistency. Perhaps I 
should say that correctness is here used in the sense of propriety, 
and not in the sense of accuracy which is something else again. 
Historically the problem of consistent standards has gone through 
two phases and is going through a third that in some ways so 
resembles the first as to suggest a cycle. 


The first of these was the pre-timestudy era of the piece-rate, 


set by devious means which I do not need to relate. On the whole 
it was a matter of personal relationships and deals between the 


28: 


1 


foreman and the operative. A rather dubious modus operandi evolved 
with which you are all familiar, at least by hearsay, but one can 
hardly say that it was notable for either correctness or consistency, 


Both sides abused the system, if it can be called such, and there 
developed a peculiar state of affairs ~ a combination of guerrilla 
tactics and passive resistance that resulted in a sort of stalemate, 
At least one would be put to it to say who won. 


Largely as a result of this, timestudy came to the forefront and 
the practice of guaranteeing standards and even piece-rates became 
the vogue. We had great confidence in our timestudies and we 
sincerély believed that the workers were entitled to some assurance 
that their rates would not be subject to arbitrary reductions if 
earnings should exceed a certain level. As a result we proceeded 
to guarantee our work~standards in perpetuity so long as the job 
remained unchanged. Just whst constituted a change, and how much 
of it could be taken to justify a revision of the standard was 
rarely specified, 


All in all the guarantee, while probably unavoidable, turned out to 
be a rather ingenuous codification of faith and sportsmanship. 
Nevertheless it served its purpose of stabilization for a couple of 
decades, before the truth dawned, in a vague and ragged fashion, 
that guaranteeing something that does not always lend itself to a 
guarantee can create embarrassing anomalies. 


A guarantee of the type we are considering, if it is to have any 
validity, must be supported by a clear and detailed statement as 
to what exactly is being guaranteed. In the early time studies 

the descriptions of method were frequently so general that they 

amounted to little more than an identification of the end result 
of the job. 


Within such extremely broad specifications there was room for wide 
variations in methods and in physical conditions. It was not 
uncommon for a work~standard to become “loose” by two or three 
times. It was possible, but less likely, for a standard to become 
“tight”. However, the pressure of operator complaints plus a 
sense of justice, naturally tended towards the prompt adjustment 
of tight standards, 


When I said that a standard cannot always be guaranteed, that, of 
course, is not strictly so, However, the continuance by guarantee 
of a time~-standard that does not jibe with the details of the task 
being performed falls in much the same category as a fanciful 
election bet. It may be possible to honor the guarantee, but 

doing so creates a nonsensical situation. On a one-time basis 

this may not be serious, but when it is introduced into an 
industrial system of tasks and payment it leads to an inequitable 
and, consequently, discriminatory state of affairs that is untenable. 
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Eventually the situation must be corrected, for the benefit of the 
cy parties concerned, as well as for the benefit of the economy at 
‘| large. 


The situation is untenable because it actually condones avoidable 
waste. Although a marginal amount of waste may be tolerated as a 
matter of political or other expediency, it is a fact that waste 

in any form is theoretically inaéd@missable in the economic philosophy 
to which this continent is committed and expediency or not, there 
are always limits, We are irretrievably committed to a course which 
requires the compounding of technological gains in the form of an 
annual increase in the productivity rate of some 2-3 per cent. 

This has now become a matter of actual national survival and 
opposition to it is barely this side of treason. 


The waste that results from a man producing less than he could 
justly be asked to produce is no different from the actual 
squandering of physical materials, The latter is rarely condoned, 
but the former is often treated with tolerance, with complacency, 
i. or even with approval. Certainly attempts to retrieve the waste 
of manpower inherent in ioose work-standards are opposed by Unions 
yf and their membership. Clauses in Union agreements ostensibly 
designed to support necessary changes in standard are almost 
always more restrictive than permissive. Even in the absence of 
formal rules, management is reluctant to move in on loose 
standards, partly from fear of the inevitable complaints and partly 
in consideration of past guarantees. 


All of these matters relate to one of industry's most universal 
and serious problems. It is certainly the timestudy man’s 
greatest headache ~ the so-called "creeping change". It is a 
form of waste that waters down living standards by billions of 
dollars a year. The term: “creeping change" is almost self- 

2 explanatory, but it does cover a wider area than might be 
supposed. In general it refers to gradual and almost impercept- 
ible changes in motion pattern whereby the amount of work done is 
> less than would be justified by the respective work-standard. 


The causes of this reduction are varied and may have some bearing 
on the degree of difficulty encountered in correcting the standard, 
For instance, if it can be shown that the work content has been 
lessened because of improvements in the physical conditions of 

e materials and equipment, it will be easier to adjust the standard 

k than if the change was solely one of a simplification in the motion 
pattern. Also motion changes introduced by management (consciously 
or not) are in a different class from motion changes introduced by 
the operator (consciously or not). 


Some 25% of current arbitration cases relate to this problem and 
ble.} the number is growing, although perhaps not as rapidly as their 


28-3 


| 


significance in labor relations, If you have read any of the 
recent cases you will have been amazed at the innumerable variations, 
For instance, there is the problem of deciding if the original 
standard was right to begin with; whether distinction has been 
drawn between the exhaustion of the learning period and a basic 
improvement in the motion pattern; whether the new method was 
originally suggested by the timestudy man and rejected by the 
operator and the foreman; whether a specific operator has a unique 
aptitude, or whether his method is teachable; whether the operator 
is a normal operator ~ and so on ad infinitum. 


Two aspects of all this tend to stand out. One is the almost 
certain inadequacy of past documentation, i.e. the element times 
obtained in a re-study point to methods changes, but the original 
study is too sketchy to permit their being pin-pointed. The other 
aspect is that the passage of time is a major factor and that 
squatter’s rights set in quite early in the game. 


The latter, of course, suggests a constant and immediate review 
of standards by a timestudy staff that is fully adequate in both 
numbers and competence. 


The former (inadequate description), it seems to me, must lead 
inevitably to the eventual acceptance by both labor and management 
of a principle which now gets short shrift. It is that the work- 
standard and the details of the timestudy must form an indivisible 
unit. The study provides both the specifications and the standard 
and any change in either must be matched by a change in the other. 
If this principle of unity were accepted, the change in standard 
would be dealt with no matter how small, no matter how or by whom 
it was introduced, and no matter how or when it was disclosed. 


This clearly means that the specifications must be complete and 
unambiguous. This need has long been recognized, but the lack of 
it, especially in old studies, remains acute. Few companies have 
been successful in avoiding the problem and I know of none that 
have really solved it. We do not have time to explore it, except 
to note that the proper use of predetermined motion-times is a 
long step in the right direction ~ technically that is. 


However, the haman relations problems still remain. One would like 
to think that in view of the impelling need for the prevention of 
waste and for the avoidance of discriminatory standards, it should 
be apparent that Labor and Management must soon come to terms on 
the principle of truly linking the standard to the specifications. 
When I say come to terms. I 3m not thinking of bargaining in the 
usual sense, In most cases it has not yet attained maturity, 
ranging as it does from Oriental-type haggling to the most barefaced 
exercise of duress. 
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In this respect I daresay some of you were perturbed by a recent 
statement in Time. It is not distorted by removal from its context. 
It runs: "G.M. and Ford agree wholeheartedly with the U.A.W. that 
timestudy 4$ not an exact science, but a starting point for bar- 
gaining about base-pay and incentives". 


I am not at all sure that I know what this means, but it appears 
to make little sense. I would agree that timestudy still leaves 
much to be desired, and that there is an area in which bargaining 
is admissible, That area is the area of money ~ not the area of 
measurement no matter how crude. 


One can haggle with the butcher over the price of a pound of steak, 
but it makes no sense at all to haggle over whether the pound is a 
pound. That can be ascertained. Also it makes no sense to jiggle 
the butcher’s arm while he is doing the weighing. 


In recent years these matters have been coming to a head. Manage- 
ment has been trying to find ways to bring standards more into 

line with reality. Unions have tried to protect the status quo 
without too much concern for the correctness or consistency of 
rates. As a result we have a great variety of timestudy clauses 

in Union agreements. While lip-service is paid to the mutual need 
for equitable standards, current clauses are almost all more 
reactionary than constructive, None of them is wholly satisfactory, 
particularly to management, and some are incredibly bad. 


The clauses divide into three types. The first purports to be 
technical and attempts to prescribe the details of the timestudy 
methods. Mostly the attempt settles down to prohibitory items 

and never gets to setting out the timestudy procedures in full. 

As a matter of fact it would be completely impracticable to do so 
within the confines of a labor agreement, Consider the problem of 
dealing with process allowance; varying proportions of idle operator 
time while a machine is running; machine interference; over and 
under assignment; rating; rating on machine controlled jobs; fatigue, 
cyclical and non-cyclical delays and so on; all set out with such 
clarity that arbitration would not need to be invoked. 


The essence of this is that a partial description of timestudy is 

no description at all and would be better omitted altogether. 
Certainly the practice of bargaining over isolated bits of timestudy 
procedure (e.g. fatigue allowance) is to be shunned, This can only 
deteriorate into manoeuvering for concessions, to be increased at 

a later opportunity. 


A second and commoner type of clause ignores technique altogether 
and confines itself to restricting the rights of management in 
setting or changing standards. Unlike the first type, such clauses 
are not impracticable, They are, however, objectionable for, being 
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inspired by a desire to protect rates no matter how soft, they are 
essentially discriminatory, They discriminate not only against the 
company but also between operators in that they tend to perpetuate 
inequalities in standards. 


The third type of clause appears to cut the Gordian knot merely by 
stating that a standard must yield a specified earnings potential, 


At first glance this looks like a sound idea. In fact it probably 
is a sound idea in theory. However, in practice, it usually fails 
because it moves right into the area of the second basic times tudy 
problem I mentioned at the outset, It relates to the difficulty 
familiar to all timestudy men who are forced to establish statistica] 
numbers and then to apply them to individual cases. It is the old 
problem of a generality applied to a specific case. 


The problem occurs in the technical processes of timestudy as well 
as in its application to incentives. For instance, in actual study 
it is almost impossible to obtain a true and undistorted statistical 
diagram of even the simplest element, Consequently we resort to the 
much maligned practice of rating. In this way we attempt to place 
an observed time in its proper position in the normal statistical 
distribution curve. Similar problems arise in the evaluation of 
fatigue allowances, incidental delays and so on. The end result 


of this is a time standard that may well be correct from a statistical: 


mathematical standpoint, that may be suitable for at least fifty per 
cent of those to whom it applies, and yet may in a real sense be 
incorrect for the first individual required to work on it. 


The situation is a familiar one and I do not need to labor it here. 
It exists in many phases of human activity, but it takes on unusual 
significance in the field of timestudy and incentives, 


Obviously it cannot be eliminated by any refinement in technique. 
In fact refinement in precision and consistency would probably 
sharpen the problems of application. 


When a difficulty cannot be removed, the next best thing is to 
avoid it, or find ways of offsetting it. In the incentive area 
full use should be made of selection and training, in order to 
avoid putting the wrong person on a job and in order to see that 
correct methods are being followed. 


This whole subject of statistical numbers applied to individual 
cases is far too complex to permit us to do much more than mention 
it here, However, this summary treatment should not be taken as 

a measure of relative importance, Actually the matter is of constant 
concern to all engaged in timestudy and incentive plan work. It 
underlies most of the difficulties in that field. At least if there 
were no spread in human stamina, speed, reactions and so on, time- 
study would be immeasurably simpler, 
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Rather than get into technicalities, may I conclude by summarizing. 


One of the most serious problems faced by management and labor is 
the establishment and maintenance of valid work standards, There 
is no short cut and no easy way, yet the matter will become more 
pressing as timestudy techniques become more precise and as Unions 
begin to take more of a hand in the matter, 


We have in the past tried to deal with the problem unilaterally. 

It is not likely that this will continue, Probably it is not even 
desirable that it should, However, it would be most undesirable 

to attempt to deal with it through the channels of orthodox 
bargaining with each party jockeying for position and hoping to 
make a better deal in the next round. In other words, it must 

not be a matter of political compromise but rather one of objective 
decisions made on technical and impersonal grounds. 


Both parties should strive to achieve standards that are correct 

and consistent and should be prepared to change those standards 
immediately if at any time they do not reflect as closely as is 
humanly possible the amount of work that is to be done. The 
specifications and the rate should be an indivisible unit. I am 
afraid that this is far in the future and that both parties have 

a great deal of past to forget. Eventually I believe it must come 
to pass in the interests of everybody concerned - management, worker 
and general public, 


As far as the Unions go, progress towards an objective solution will 
be slow. Unions must function as political bodies, and there is 
some doubt as to whether it would be sensible for them to act other- 
wise. However, there are times when the opportunism and short 

range expediency so prevalant in politics must be set aside. I 
believe that in the need for realism in work-standards that time 

has been reached. 


In spite of the pressures to which they are subjected, the leaders 
and the members of unions must eventually accept the fact that the 
advantages bestowed by technology entail certain responsibilities. 
Condoning and perpetuating waste is not one of them. To a great 
extent proper work-standards are a guarantee that the benefits of 
technology will not be dissipated, or unfairly distributed. 


This places a great responsibility on the members of A.I.I.E. to 
improve their techniques, to keep human values to the forefront 
without becoming maudlin or discriminatory, and to maintain a 
professional integrity at all costs. 
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LWJUSTRIAL APPLICATIONS OF M.P. 


Nyles V. Reinield 
Executive Services 

National Institute of Management, Inc. 
Cleveland 14, Ohio 


Vhen you begin discussing the area oi mathematics in the 
field of management, one problem that is always encountered is 
that 01 communication. 


For those of you who have mathematicians in your company, you 
are well aware oi the problem. The mathematician docsn't speak 
your language, and you, as a manager, co not speak his. Such 
conditions are not unusual since special languages cevelop and 
exist within each specialized type of activity, be it industrial 
engineering, physics, electronics or mathematics. For that 
matter, industry itself has its own language, “shop parlance". 


One oi the purposes of this paper will be to try to translate 

the language of the mathematician into industrial terminolocy. 
Two examples of applications have been chosen for exploration 
which require differing degrees oi understanding of the techniques 
of mathematical programming. 


However, before getting into these applications another problem 
bears comment. A common question that I am asked is: "Tho 
should do the work?" 


To answer this question, let's compare the types oi thinking 
involvec and the cifferences in approach which the mathematician 
or the industrial man brings to the problem. 


I think that it will generally be agreed that the mathematicians' 
primary attack on @ problem will be along mathematical lines. 

On the other hand, the manager will say to himself, “Here's a 
problem that needs a solution. Which technique can I employ to 
get a workable and good answer?" 


The distinction may be slight but it is an important one. 


First of all, it means that the manacer is interested in solutions 
rather than the method. It also means that the manager will 
muddy up the mathematics and make the equations inrecognizable, 
if that's what he needs to get the job done. It means that the 
manager doesn't care if the mathematics is pure and beautifully 
complete, and iinally, it means that the manager doesn't give a 
darn if he can’t prove that his solution is general and can thus 
be appliec to all his competitor's similar problems. 


jues 


in 


én, we can say that the manager is interestec 


is, and the mathematician in the formal structure 


iow then, let us not tnrow the mathematician out completely. 
Ne Las some wonderful tools which we can well learn to use 2 
PLY. 


Dui as soon as you try to apply them, you get into another 

srohlem: The mathematician contends that this stuff is too 
Ceen ior you to comprehend. You may be smart cnough to 
hundred million Collar operation, but not smart enoug! 
your own problems -- at least not with his esoteric bag 


ge 
Li 


For a more cetailed exploration of this philosophy, see "How to 
Invent a Profession" by Alvin Brown, Journal of Industri. 


sucineering, Volume VI, No. 3, May-June, 1955, 


The net result oi this cowncgrading of management ability, ha 
producec a quest for mathematicians, of any ca Sibes €, so that the 
company can be led back into the light. And in at least one 
sense, those companies who have been respondec to this propocanc 
will be led into the light. 

Neving hired the mathematicians, the next question arises: 
"here do these men belong?" 


The Cperations Research protagonists suggest a postition 
top as possible. Such a position, incidently i 


& 

Oo 


to the i 

by every tunction operating in industry today, It is always 
nice io present your views where they will be assurec an adequate 
eucience, Unfortun nately, presidents have other duties besides 
listening to technical discussions. The OR people maintain their 
stand by pointing out that their iicld is to he an overall stud; 
of management, with no shackles attachec to their men. hey ar 

9 be free to ro ind to make presentations. 

The disadvantage oi starting at the top is that sw epi Gly new 
concepts that are initiated at the top are notorious for the 

fact that encounter increasingly greater immobilit ty as they 


waward, The operating people need’ to know and to be solc 
before accept and use. 


This disacvantage can be overcome by properly orienting a wice 
range of people with new techniques through short indoctrination 
programs. Longer training programs can then be given to the 
people in the various divisions who will be callec upon to apply 


aud evaluate the new techniques in their own division. 


such programs, 
ina 


applications 


Cceas originate at the top a: 
éncd developments oric e in 


he onerating groups. 


coms. 
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As the operating groups begin to round up the really valuable 
areas of application, they will encounter areas in which help is 
needec, and what more logical area should they co to for assist- 
ance than a group within their own firm? 


A procedure much like the one just described, of orientation - 
training - application - assistance, is presently being used by 
the Philco Corporation in Philadelphia, 


As a means of supplying technical know-how to operating groups 


who request it, many firms are moving in the direction of captive- 


consulting groups, or setting up a management engineering hranch, 


The management engineering branch has the important position which 
the OR people want, but converts OR into technical know-how which 
the management engineers can apply and evaluate. Such a branch 
is usually composed principally of industrial and cost engineers 
who are well acquainted with management problems and practices. 
By definition, this means that the management engineering Lranch 
is composed of “application™ people who know operations rescarch 
techniques, along with many others, and whose purpose is to cis- 
seminate usable iceas to the operating groups down the line, and 
also to offer assistance where required, 


The name “Operations Research" implies research on operations. 
Since research is generally concecec to he exploratory and slow 
moving, few firms can afford the luxury of such croups per se. 
Far better to assign such studies to university csroups and other 
research organizations. 


The distinction to be mace, then, is that industry, your own 
company, is primarily interestec in applications internally and 
esearch, externally. 


The average firm neecs application engineers for these techniques 
beiore anything else. 


A good applications engineer constantly meddles in the work of 
the research enginecr, and a successiul one is always accused 
of vrostituting the works of pure researcii., 


Applications engineers are hard to come by, but one thing is 
obvious; we can train a man in modern mathematical tecliniques 
such as Mathematical Programming in a matter of weeks, but to 
make a good management man out of a mathematician may take years. 
It took you years to reach your present state of effectiveness; 
woul’ you expect others to learn it in weeks? 


One other question remé@ins to be considered before moving on to 
applications: "Where can you learn these new techniques so that 
your own people will be able to do the work with @ minimum of 
assis tance?" 
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There ere principally ty 


vO ways in which new techniques cau he 
learned ang asslr 


1, Through attencing concentratec, appliec training 
procrams in the areas of mathematical management, such as those 
offerec by our own firm, or 

2. Through conferences, in which you can find out wheat 


others are Coinc, é@nd possibly visiting such firms, 


Our own ti ‘aining progran in Mathematical Programming is over iwo 
years olc and ieatures a large number of appliec case examples 
to illustrate the techniques presented. Our own experience has 
been that the best results, the best applications, have been 
mace Ly those conierees who @re short on theory and strong on 
practice. 


The conierences a@re useiul in picking up new epplications o! ole 
techniques énd in seeing what other methocs show promise. 


Now we are ready to ciscuss épplications. 


The points just discussec have Leen put forth for a reeson: [It 
is my Gesire to point out some a ons thet have been mece 


enc show you that you can co the work. 

The iirst application is the simplest to understenc, énd apply, 
but the second application requires very little acditional 
knowlecge of mathematical programming to make it workable, 


MACHINE ALLOCATION 


Mathematical Progranming finds an important application in 
machine allocation. The procecures and principles are reecily 
cpplicable to this type of problem. 

Siiice the first installation was mace at SKF Industries, Inc., 
in the automatics department, many Similar applicetions and 
siucies have been made to machine shops, rim planis, force 
shops, tube mills, anc miscellaneous other equipment, Savings 
have run es high as 5100,000 a year and production increases 
as high as 20%. 


Allocating a number oi orders to various mécihine groups is a 
problem that shoulc normally be solvec by precise mathematical 
methods. these methods give precise or exact answers, 


they are tedious and cumbersome to w rk with. Solution by 
these methods is time consuming and even use 0: computers may 


Ot Le practical, because oi the mass of data involvec, anr 
he exigencies oi time. 


ch 
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Production planning requires quick answers to meet the constant 
changing conditions. Rush orders come in which must be produced 
as quickly as possible. The schedule clerk must allocate the 
rush order to a machine group. Is it better to assign the rush 
order to the first open machine or is it better to tear a job 
off a machine and put the rush order on it? How are machine 
breakdowns best handled? These and a number of other problems 
such as tooling, stock and hunting season all tend to create a 
state of confusion for the schedule clerk. 


Although a company may freeze a schedule on a weekly basis, 
there is nothing frozen about it. The schecule, from the time 
it is frozen, is in a constant state of flux, 


Out of this condition oi chaos, systems oi production control 
have been Cceveloped which try to create order through planning. 


The schedule clerk, or the foreman, makes the best decisions 
he can with the time and data he has on hand, 


Problems such as these which could and shoulc be solvec hy the 
proven methods of Mathematical Programming are not because of 
the time limitation. 


Recognizing the problem as a mathematical programming application 
leacs one to search for methods which will give solutions within 
the time limits allowed. In other words, we take our first step 
in mucdying up the precise mathematics. We are tossing oif the 
cumbersome mathematics, but retaining the principles, which you 
will see are highly effective. A "quick" method oi solution 

is developec. 


Such “guick" solutions must satisfy the conditions of the shop 
and epply the principles of programming. Minimum cost or least 
overall running time may be part oi the conditions of the 
solution. 


Early analysis of machine allocation problems showed that they 
could be solved hy sophisticated inspection techniques, if the 
data were properly organized anc formulated. Such a technique 
is the index method, The index method gives rapid approxi- 
mations to the problem, Since the solutions are approximations, 
the answers are not always exact, and can be quite far from the 
best answer, Because the procedure is basec on inspection, the 
method relies upon the ability of the operator for its decree oi 
accuracy. An operator, or clerk, who is poor at perceiving 
relesticouships, or becomes careless over a period of time, or 
who is rushed for time will tend to give poorer answers than 
another operator working under the best conditions. 
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A procedure ior iitimizing setups 91 Sequencing ics beeh developed 
Wuich ties in directly with the procecures discussec here. The 
seiup procedure will uot be cescrilec in this paper since it 
constitutes an additional aspect oi tiie problem. 

The allocation proce cure to be ciscussec is concerned primerily 
with the assignment 0.1 orders to machine groups. From here on, 
it will be assumed that the machines in the plant have keen 
crouped as described above. The word “machine™ will be used 
inccechangeably with "machine group" and will mean a group oi 
machines having the same standards, The process applies in the 
cose Oi estimated times as well as standards. 


In loading his schedule, the schecule or planning clerk must 
stay within the limits oi his available machine capacity ior 
the period covered by the schedule. 


The raw available capacity of the machines is adjusted by 
utilization iigures. 


For a one week scheduling period working one shift a cay, there 
would be 40 hours of raw available time per machine. Ii there 
are ten machines in a group, the machine croup will have 400 
raw available hours per scieduling perioc. 


The utilization of this particular machine group has been 
studied and found to be 75%. Therefore, the 409 raw hours are 
acjusted by .75 to get 300 hours as the available capacity oi 
the group. The schedule clerk uses the 300 hours as the limit 
to which he can load the machines. 


For consistency throughout, utilization will be cefined as 
production plus setup time divided by the raw available time. 
Some companies use this definition already. Other companies 
ado not include setup in the utilization figure, Utilization 
figures should be maintained and kept up to date. They are 
invaluable in building accurate schedules and elso help pin- 
point certain conditions which reduce the productivity of the 
machines. 


There are a number of ways to obtain these figures. One is by 
means of stop watch studies. Another, which is more accurate over 
the long interval of time, is work sampling. 


All machiue capacities discussed here will assume that a 
utilization figure has been applied. 


Eificisacy must be applied to the standards to get an accurate 


schedule. Many standards are set so that the operator can 
produce from 20 to 30 percent over the standard. This increase 
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tandarc prouuction rate represents the basis for the 


incentive. ence, ti the standard represents 10%, the operator 
makeout may be 125%, This operator makeout is the eliiciency oi 


his production. The stancards layout book may show, for example, 


wa 


“a 


thal a part can we producec at the rate of 200 pieces per hour. 

Ii the operator*®s eificiency is 125%, his actucl production will 
run 250 pieces per hour. lence, cfiliciency must also he cornsiderec 
in builecing accurat: schedules. aAcain, it will be assumec that 
this factor has been consicered in the case to !:e Ciscussec, 

Some Companies divide eificiency into the stauderds ior use in 
the planning department. 


The schedule clerk will usually process the orders as they are 
received in the department. As he receives an orcer for a 
certain number of pieces, he looks up the time in the layout 
book, multiplies by the number of pieces and eaecds in the averace 
selup time. Tie then essigns the order to the iastest or best 
machine by writing it on his schecule sheet for that machine. 
The process is continuec until the best machine is loedec. New 
orders coming in are then put on the next best machine, and so 
on until the weeks assignments are completec. When he assicns 
work to other than the best machine, he may or may not have 
standards ior first and second alternites. Some layout ‘ooks 
only list the best machine standards. This is cone so that as 
mucin work as possible is run on the best machine. If alternate 
standards are not available, the work is assigned to alternate 
machines, usually, on the besis of a ratio, In other words, if 
the alternate machine is approximately twice as slow as the 
best machine, then the best=machine time is multiplied by two 
to yet an epproximate time for the alternaic., This process ca: 
leac to great inaccuracies as will he seen later, ‘Then alternate 
standards are given in the kooks, then these standcerds are usec 
to compute the production time ior the order, 


It is irequently the case, even though only ihe best machine 
Siandard is given, that the order las actually been nroducec 
on a number of machine groups in the shop. “any times, 
siendards have been set for work that has been produced on 
alternates, cven though such standards do not appear in the 
layout books. Someone in the shop has é@ record 9i these 
figures. 


The procecure for assigning orders just discussed can be easily 
illustrated. 


In the illustration there will be three machine groups which 
will be numbered 1, 2, and 3, Orders, as they ére received, 
will be in alphabetical orcer. Order A is the iirst order 
reccivecd, B the second, énud so on. 


Since a weekly schedule is built, the available times on these 
machine groups are 30, 25 and 5O hours, respectively. 


Order A comes into the planning department and is for 100 pieces, 
The clerk looks up the layout for this order and sees the 
data: 


Part No. A 
Mach. Pieces/Hr. Setup Time 
1 50 6 hrs, 
2 12.5 4 hrs. 
3 8-1/3 3 hrs. 


(All times have been adjusted for efficiency) 


Ile computes the total running time and adds in the setup time. 
The setup time represents an average setup. It can be seen 
that the best machine will depend upon the relation of setup 
time to running time. For 100 pieces, machine #1 is best. For 
ten pieces it would not be best. Some companies either over- 
look this relationship or introduce artificial break points. 

In other words, an order of a certain size or larger is to he 
produced on a certain machine group. Setting up the data as 
shown, will enable much more accurate solutions to assignments, 


The order A is assigned to machine #1, 


Order B is for 200 pieces. The data is given below: 


Part No. B 
Mach, Pieces/ir. Setup Time 
1 66-2/3 
2 40 5 
3 16-2/3 2 


Naturally, these data figures represent only a part of the 

total information of the layout sheets. Such items as operations 
departments, secondary operations and so on have been left out. 

If machine #2 does not perform icentically the same operation 

es machine #1, this can easily be included in the overall solution. 
Such cases frequently occur in transferring work from multi- 
epindle to single spindle automatics. 


The order B is assigned to #1. 


Order C is for 72 pieces and has the following cata given; 
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Mach, Pieces/iir, Setup Tine 
1 24 € 
2 9 4 
3 


Order C is also assignec to #1, At this poini the schedule 
siect for #1 will look as follows: 


SCHEDULE SHECLT 
Machine #1 Week of _ 6/22 


Avail. Hrs. 30 


Order Qty. Hrs. Load Misc. 


| 


Order D, for 160 pieces, takes a total time Cinclucinyg setup) 
oi 10, 10 and 11 hours on machines 1, 2 and 3, respectively. 
Since essigning D to #1 woulce overload it, order D is put on 
#2, which is the next best machine. (Actually, in this case #2 
takes the same time as #1.) 


Order £, ior 195 pieces, takes a total time Cincluding setup) 
oi 8, 12 and 13 hours on machines 1, 2 and 3 respectively. 
Like order D, E cannot be assigned to #1 without overloading, 
so it is assignec to #2, the next best machine. 


The schedule sheet for #2 now is filled in as follows: 


SCHEDULE SHEET 
Machine #2 Week of 6/22 


Avail Irs. 25 


Order Yty. Hrs. Load Misc, 
D 160 10 
E 1935 
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Part No. C 

100 8 

200 9 

72 9 


Both machines #1 anc #2 are practically loaded with ‘the 

exceplion of being able to assign small orders to ticm. In 
wddition, part of one order on #2 could be run on #1 if the 

order were split between two maciine groups. Usually splitting 
orders is not advisable because of the long setup times. The 
setup times may exceed the savings in running times. For exanple, 
running hali of order E on #1 may save about three hours running 
time, but would add perhaps six hours setup time. (Assuming six 
hours setup on #1 and four hours setup on #2 for order £.) 


Furthermore, the setup time, alone, would probably overload 
cither machine, preventing the work from being completed when 
promisec. 


Ii the date at the top oi the Schecule Sheet represents the week 
the work was promised, then the schecule as illustrated has kept 
within the promise dates. 


Another point should be made in reference to the procedure being 
described: Although the example, here, describes the orders as 

ii they arrive in succession, it may well he that the order A 
errived eight months ago. At that time, the Order A was requested 
ior production the week of 6/22, Similarly, B may have arrived 
six months ago and was wanted for production the week oi 6/22, 
The time lag on incoming orders does not eifect the ultimate 
principal being discussed, Orders can be cancellec or rush 
orders movec up, but in essence the procedure is the same, 


Order F, for 85 pieces, runs on #3 in 15 hours. The other times 
need not have been looked up since it is known that #1 and #2 
are loadec. For reference purposes, however, the times on #1 
and #2 are nine and ten hours respectively. Order F is auto- 
matically assigned to #3 when it is received, 


Order G is for 66 pieces. The standards data is shown below: 


Part No. G. 


Mach, Pieces/liour Setup Time 
ll 

2 6.6 4 

3 3 3 


Since #1 and #2 are known to be loaded, the total time is 
computed for #3, where order G is assigned. 


The Schedule Sheet for #3 is given below: 


SCHEDULE SHEE 


Machine #3 _ Week of 6/22 
Avail Hrs. 50 
Order Qty. Hrs. Loac Misc. 
F 65 15 
G 20 
40 


None of the machines has been overloaced and the whole schecule 
can be produced within the specified period of time. As such, 
the above assignments to the machines constitute a practical, 
workable schedule. In addition, it would seem to he cconom- 
ically sound, 


It MATHEMATICAL PROGRAMMING 


Without changing any data or introducing any new information into 
the problem, this section will show how the concepts of mathem- 
atical programming are applied, 


A table which lends itseli to mathematical manipulation anc 
solution is called a matrix. 


Such a table can be readily formulated irom the data just covered, 


One oi the main values oi mathematical programming is that it 
forces one to assimilate and formulate the data oi the problem 
in an organized way. In most cases, as you will see here, there 
is very little, ii any, additional data requirec over what is 
presenily available. The basic difference is the way in which 
that data is used. 


The matrix below is very similar to the regular method of building 
a machine load. The machines are listed across ile top and the 
orders down the leit side, 


The besic @Gifference is that all alternate times care shown, 


inclucing the best time. These times were taken directly irom 
the data Ciscussec in the standard procecure, 


29-12 


MACHING 
Order #] #3 
A & 12 (1.5) 5 (1.9) 
B 10* (1.1) 14 (1.6) 
12 (1.3) 12* (1.3) 
10 (1.0) 11* (1.1) 
(1.5) 13 (1.6) 
F 9 10* (1.1) (1.7) 
G 12* 14 (1.2) (2.1) 
Avail. 30 25 50 
Table 1. 


The circled figures represent the actual assignments that were 
made using the standard procedure. A check back to the schecuale 
sheets tor #1, #2 and #3 will quickly verify that the circled 
figures correspond directly to the schecule sheet assignments, 


The other figures represent alternate total times that were 
Ciscardec in making the assignments, 


The starred figures represent a reallocation of the weeks work 
using the index method. You will notice that every order is 
starred for only one machine, f[Furthermore, if the starred 
figures are totalled for every machine, the sum does not exceec 
the available capacity. 


Hence, the starred solution meets all the requirements specified 
earlier. 


The total time to procuce the week's work based on the circled 
assignments is bb hours. The starred solution can be produced 
in 71 hours! A savings of 17 hours! 


This means that 17 more hours of work could be producec in the 
same scheculing period with a resulting increase in profits ané 
better customer Celiveries. 


Aithough the example chosen is fictitious, it is based upon 
actual experience in applying these techniques to industry. 
iudacsteial schedules are larger and wore complex, but the 
proceciccs are the same and the savings result directly as 
above. For a larger schedule taken from an actual plant stucy 
in the government arsenal, see page 29-16, 
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The stars are based on the incex wethod as mentioned earlier, 

The little numbers next to the production times are the incex 
numbers, These index numbers are founc by dividing the best 
machine time into cach oi the alternates, In the case oi A, 

eight is divided into 12 to get 1.5 and into 15 to get 1.9. 

Thus, the index numbers represent the percent increase that is 
incurred as a result of shifting an order from the best machine, 
Hence, the orders to be shifted from the best machine are those 
that involve the least increase in ratio. A check of the 

starred figures will show that such a procedure has been followed. 


Again, in @ small example, it is just as easy to solve the problem 
by Girect inspection. Larger problems, however, Cenonstrate the 
acvantage of these index numbers. They are a Cirect guide to 
solving the allocation. It is an inspection procecure, however, 
as was waentionec earlier. As such, it offers no cuarantce that 
the solution will be a mininun, 


Another small example taken directly fron a shop schedule is 
useful in illustrating the solution, 


ORDER MACHINE 
1 2 J 
A 100* 
@ 


as before, the circles represent the assignment by the standard 
procecure, the sters represent the assignment by inspection, 
The standard assignment followed the pattern describec in that 
section, Actually orders A, B anc C were scatterec among 
several hundred and the condition above was not obvious. The 
saving by the reassignment is 77 hours? 


The standard assignment has two orders out of three on the best 
machine. The programming is an attempt to run everything on the 
best machine only. As illustrated, such is not the case. 


Another thing is that in one instance of application to a plant, 
the men in the shop compléinec that we were not doing as good 

& job gs the sténdard procecure, They pointec out that they were 
running less work on the best machines than previously. Uowever, 
when the company ran &@ cost variance report and computec the 
savings for six uonths, these men were quickly satisfied. 
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Through the use oi jathemutice] Progrémuing, it is possible to 
solve the seasonal problem taking into acco. ali the 1 
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the use of Mathematical Prograémaing permits t 
any magnitude and more important, it guarantce 
is best sor the concitions imposec. 


é prcblem to be of 
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Hence, Mathematical Programming offers a savings in overall piant 
operation that far exceeds any of the procecurcs previorsl; 
discussed, It is my firm belief that this area is one oi the 
most itruitiul areas ior the application of Mathenatical 
Programaing, exceeding the savings that these teciniqves have 
accomplished in such CGiverse fields as production scheculing 


profit analysis and distribution applications presently in usc. 


There is good reason for such @ statement: first of all, the 
problem is &@ typical recurring one in many companics, anc 
second, it represents an areca in which management has hereto- 
fore tried piecemeal solutions, usually bhasec on cexpecicney. 


An illustration will suifice to demonstrate the prollem: A 
company makes a large number oi products in which labor 
represents one third of the cost -- material representing 
the other two thirds. The sales forecast has becn mace for 
the coming year. This iorecast is next recucec to total mén 
hours required to produce tiie forecast. Hence, all ficures 
are Given in terms of wan hours. 


The forecast is shown helow in Figure 12: 


40 
° 400 
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Cin wan hours) PEO 
200 
1 
SO 75 99 
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The lchor rate is $2.00 per hour end overtiue is 52.09 per 
hour. The waterial cost (per men hour) is $€.00. The iirn also 
has & policy (similar to the G.a.¥.) in which esel. employee 
: receives $1.00 for every hour he is lcyed off. The carrying 
: churge on inventory lies been Cetermwined to he 24% per year, or 
2% aonth Caetually a non-linear carrying’ cherce can be 
y ging 
included without complication). The operating capacity of the 
Cin wan hours) is 170 per month. In actual practice, the 
procuctive rate shoulc be cowputecé ior each month, because the 
nuu.er of vaerics from month to wonth. The overtine pro=- 
luclion rate per wonth is 30. Finelly, the firm is on the Lifo 
system such that they wish to return to the sauc inventory each 
Janucry 1. On January present, the inventory is 100. 


Onee the data hes heen gathered, it is formulatec into a table 
table is | elo. Lone Dest SOGOLULLON Tnaicarcer bit’ 
‘ circle: 
> Licures in the column cntitle orecast™ cre the éenounts 
o bs produced to meet the forecast. Since 100 units cre o: 
or wk aif ures a € COLUMN U Het - LS 
OV ib pe action, pa vor wl Ce 
SOLUtTLON SiiOWS CLG vercLne Ss regusrec alte 
Sther solutions car be obtained simply from this one: [First it 
is possille to Ceteruinc whether it is cheaper to work overtime 
end pe€uce personnel; or seconc, it is possible to evalucte in 
inercase in personnel versus storage costs. 


Tie table as set up can be wade to include a number of other 

fcetors suen as treéining costs ana Ccorrying 
ry 
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probleu, the evaluction obtcinec will naturally 


‘ter answers than coule otherwise be obtaince 
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It is i relatively simple venture to celine Methods Improvene 
und at the same time impart an insicht into its usefulness, 
ror cxuuple, we can Ciscuss the meaning of work-place layout, 
drop Celivery and the like and quickly dispell most chances for 
wisuncerstanding. 


Not so with Mathematical Programming. [or one thing, even aiter 
you have attended a few conferences anc reac a few papers on the 
topic, most of you will still want to look cturther before you 
really know MP. This is because a iew examples are inacequate 
to convey the scope of the technigues. One or two examples, 
uniortunately do not leac the way to other areas of application. 
In sact, the problem of training personnel in Mathenatical 
Programming is not so much the tecinigues, but to widen the 
horizon of applications by covering a large number of exanples. 
In this way the conferee can hegin to relate the case to his 

own wice range oi probleus. 


As & parting shot, however, I woulc like to pass on to you a 
cefinition which we have found to be most useful. It is in 
terns of the conditions that make up a MP pro) lem: 


1. There must be a goal. Such us oe protic, least 
cost, or the like. Every problem in industry is concerneé with 
amelioration. 


2. There must be a number of choices or cifferent ways oi 
taking action, In the machine allocition prolicm, we hac a@ 
choice between machines. The seasonal problem presentec choices 
hetween storage, production, overtime anc icle tiie. 


3. There must be-a set of restrictions. Tiese are the 
things we cannot exceed. not, for exuisle, execer 


the speed limit. #We are restricted by our plan’ capacity, 
cOupeny policy, auc our sales ior 3 

4, There must be a set of requirements. Tlese are tie 
things we must do. ‘We have to crive on the strects andé not 
the sicewelks. ve fiave to procuce the products we Dave 
prouisec our custoners. 


reve ~ «4 m 4 wae 2 

Oe Tiere wust be a rate ou e.iiciency ctween the man 
cl.oices. In tie wachine example, one mécl fine is wor 
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be solved by MPS: it will be o1 nature. 
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LABOR=MANAGEMENT AND THE PROBLEMS 
AND PROMISE OF TOMORROW 


by 
Walter P, Reuther 


Mr. Chairman, fellow Americans, and friends: 


I appreciate very much the opportunity of participating in this 
Convention, 


I might say that my first impression of your organization was not a good 
one. I came here very promptly, figuring that engineers would be very 
precise about everything they did. I arrived at exactly one minute to 
seven, and after I hung around in the outer lobby there, I was finally 
told to get in line, 


I got in line with all the distinguished people who grace the speaker's 
table, and they said, "We are going to march in, because when we get in 
there, we will all be in our proper places," 


Now, we marched in a very straight line, but when we got in here the 
fellow who should have been on that end (indicating) was on that end 
(indicating). 


And, of course, you see, this has disillusioned me, Because I came here 
believing that engineering was an exact science, 


Now I have a better understanding of why our fellows in the UAW in the shop 
look upon some of the standards you work out with some question marks in 
their minds, 


The other thing that impressed me about your meeting is the relative youth 
of your membership, I asked myself the question: Could it be that 
industrial engineers, like industrial arbitrators, are expendable and don't 
last long in business? 


The Chairman said I came to Detroit in 1927, That, historically, is true. 
And when he recited that, it reminded me of the fact that when I first came 
to Detroit I was just a young boy, and I joined the Y in Detroit because I 
had a great deal more energy than I knew what to do with, So I used to go 
over to the gym there every day, or every other day, and burn up some of the 
energy. When I joined the Y, they gave me, as they gave to all other appli- 
cants, a very comprehensive questionnaire, They asked me many questions 
such as what church I belonged to, and other things, The last question was 
very important, It said: 


"What is your ambition in life?" 
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Weil, I pondered that question, because I hadn't as yet made up my mind, And 
because I couldn't make a choice between two very tempting possibilities, I 
wrote both of them down, The first I wrote down was "to be a labor leader," 
and the second "a chicken farmer," Do you know there have been many, many 
times in Detroit when the highest management veople said to me, "You would 
have made a wonderful chicken farmer," 


Now, I have not come here with a prepared speech. I made a few notes very 
hurriedly this afternoon between meetings. I won't be able to read them, 


But I want to think out loud with you about some of the problems that we 
face -- management, labor, free people generally. 


The subject that they gave me was "Labor-Management and the Problems and 
Promise of Tomorrow," and perhaps I will touch on that a little as I go 
along, 


First of ail, I think we need to understand tnat we live in perhaps the 
most chellenging period of human history, We have before us a future that 
is pregnant not only with the possibilities of war and destruction, but 
with a promise of human betterment and human happiness unprecedented in 
any other period, 


Literally, we stand on the rim of hell, With the H=bomb and guided 
missiles, mankind has the capacity to destroy human civilization, Yet the 
game science and the same technology that give us the know-how to make the 
H-bomb and the guided missile provides mankind with the tools and economic 
abundance, The great challenge is nots "Do we know how to make a bomb?" 
or, "Do we know how to create economic abundance?", The great challenge 
iss “Will we be able to organize a world society in which man will use 
the constructive application of these new-found powers and reflect them in 
terms of the basic human and democratic vaiues that we as a free people 
cherish?", That, really, is the great challenge, 


The challenge bears upon all of us, This is not something that the diplo= 
mats or the men of power, in a governmental sense, have a monopoly on, 
Free labor and free management, engineers, ediicators, religious lsaders, 


people in every walk of life must jointly search for the answers to these 
problems of the future. 


This is really the first time in the history of human civilization when 
mankind has the tool with which to master his physical environment, This 
is the first time that we know how to feed and clothe and house the human 
family, to satisfy mankind's economic and material needs, Having found 

the answer to mankind's economic needs, we can begin to dewote greater time 
and energy and resources to facilitating man's growth as a social being, as 
a calturel being, as a spiritual being, This reaily is thse beginning of 
human civilization in its higher aspirations, This is the first time that 
mankind as a family can rise above the strugcie to survive as an economic 
animal, and can begin to growmm in terms of these other basic spiritual 
values, ** 
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I have been saying that the possibilities of huwwan betterment are as 
unlimited as the creative genius of the free human spirit. There are no 
horizons we can not penetrate, There are no tasks we can not master, 
providing we find a way to appiy this great ingenuity, this great creative 
power, to the pursuit of positive values, 


For centuries and centuries the struggle -- and the history of the world 
is filled with this strucgie -- was 4 struggle of one against the other, 

of group against group, and nation ageinst nation, the have-nots struggling 
to get their share from the haves, A nation enjoyed a high standard of 
living because it built their its standards upon the exploitation of iess 
fortunate péople, The economic tools were not sufficiently efficient or 
productive to enable man to meet the needs of the whole human family, 


Then we were struggling to divide up economic scarcity, Then one fellow 
had enough to eat only becatise someone else was hungry, That period of 
human history has come to an end, We now have the glorious opportunity to 
cooperate in the creating and in sharing of econontic abundance, and in 
distributing economic abundance in a world where poverty is no longer beyond 
mankind's control, 


This brings new problems, and, of course, new opportunities, 


There is a great revolution sweeping the world, We are a iong ways from 
it, and perhaps that is why we don’t understand it. It is a revolution 
that grows out of this basic change in the world =~ the revolution of the 
economics of abundance, Neither Adam Smith nor Karl Merx could have under= 
stood this, because they interpreted the worid in the period of economic 
scarcity and they could not have realized the possibilities of the economics 
of abundance, 


This revolution that sweeps the world is the most powerful force now at 
work, it is the thing that moves hundreds and hundreds of millions of people 
in Africa and Asia and Latin America, Im their wre*ched lives, as they 
struggled to keep body and soul together ~» they have come to realize that 
they need no longer live in hunger and privation, Perhaps they have not 
grasped the fuli meaning of the concept of abundance. Their limited under= 
standing has kindled the stars in their eyes, They finally have come to 
understand that their ancient poverty, the seo’al injustice that bore down 
upon them and their ancestors for centuries, is not ordained by divine 
providence; that social justice is something within their grasp and within 
their control, They know that somehow they can begin to organize their 
economic resources ami they can begin to take positive steps to abolish 
poverty and hunger, ignorance and disease, and the other ancient enemies 
that have ple7ued them throughout the years, 


This is the revolution in the world, 
The Communists didn’t create this revolution, They are riding on its naked 
back, for they have perfected the techniques of forging human poverty into 


political power, Because we are the strongest and the wealthiest of the 
free nations of the world, we especially need to realize that people all 
over the world are going to find an answer to poverty; that the have-not 
nations are going to get their share of the good things of life, 


The question iss Are they going to solve their economic problems within 
the framework of a democratic society, or are they, in their sheer despera-= 
tion to get the wrinkles out of their empty bellies, going to grab the 
promise the Communists offer -= the promise of economic security at the 
price of political and spiritual enslavement? 


We must understand that these people are powerfully motivated by poverty. 
It is hard for you and me to understand what poverty really is. Here is 
what poverty means in India, for examples 


In India, the average income three years ago was $50 a year. By heroic 
effort they have raised it to $56, But there are still 70 million people 
in India who last year had an income of less than $20 for the whole year. 


Now, intellectually you cannot understand that. You can only understand 
it emotionally, And you must see poverty in its ugly naked form to under= 
stand it in terms of its human tragedy. 


I saw it in India, I saw little three, four, and five year old boys and 
girls hacking away with little hand hoes in a parched potato patch, looking 
for tiny potatoes no bigger than a pea. This was the fourth time they had 
dug these potatoes, The first time they went through, they gave better 
than 90 per cent of the crop to the people who owned the land. The second 
time they went through, they gave 80 per cent of the crop, or some figures 
like that, to the people who owned the land, The third time they went 
through -=- the same potato crop -=- they got a little bigger percentage. 

And the fourth tim: they went through, they got to keep all the potatoes 
themselves, but there weren't many to be found. Here these little children 
were dropping potatoes no bigger than a pea in the basket with the sum 107 
degrees in the shade; they were hacking away. Mothers with babies strapped 
to their backs were digging with their other children. And we of America, 
with our great resources and power, are dyeing our surplus potatoes so that 
they will be burned and not used for human consumption, 


We have a billion four hundred million bushels of grain in "surplus", Unless 
we understand that with this great wealth goes a corresponding moral obli- 
gation, we get into trouble. Our wealth becomes a liability unless we have 
a high sense of social and moral responsibility. 


However, with an appropriate sense of moral and social responsibility, our 
wealth can be a great asset in this struggle to preserve freedom and peace 
in the world. We need to understand that your freedom and my freedom will 
not be made secure in America; it will be made secure in the world in which 
these forces are at work, It will be made secure in a world where millions 
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of people seek an answer to these ugly, nasty human problems, What we 
need to do is to help people to help themselves so that they can gain 

more bread, and at the same time, also gain more freedom; so that they 
can get food in their empty bellies without the need of putting their 

soul in chains, 


This is the basic challenge, 


The struggle in the world, as we have said in the lebor movement many, 
many times, is not a struggle for geography. It is essentially a struggle 
for men's minds and their hearts and their loyalties, That struggle 
could not be won with guns. We need to be strong on the military front 
in order to meet the threat of Soviet or Communist aggression, no matter 
where it may raise its ugly head. But we need always to realize that 
military power is but the negative aspects of a dynamic foreign policy; 
thet it is the holding action which buys us the time to take positive 
action on the economic and social fronts in the struggle against poverty 
and hunger, ignorance and disease, and great social injustice, for these 
are the ingredients out of which the Communists forge their power, 


The American labor movement is a part of the great family of free labor 
movement in the world, There are 56 milliew free organized workers who 
stand today as the great bulwark against the forces of Communism, We are 
the front line troops, not because we are better than other peopie but 
because we understand -- and translate our knowledge into positive action ~= 
that the struggle in the world to preserve peace and the struggle to 
preserve human freedom are inseparably tied together with the struggle for 
social justice, You cannot preserve peace or freedom in a world in which 
hundreds of millions of people are denied their measure of economic and 
social justice. You can look around the world tonight, and where you find 
a country with a strong free labor movement, with a labor movement with 

the will and the courage and the vision and the sense of social and moral 
responsibility to struggle to get for the great mass of people in that 
country a measure of economic and social justice, you will find in that 
country Communism is weak and unimportant both economically and politically, 


When you find a country -=- and France ig a good example == where there is 
no strong free labor movement, where the Communists control the labor movee- 
ment, for they do not solve problems but exploit them, you find there that 
the Communists build their power out of the great injustices, 


The free labor movement believes that what we need to do is to recognize 
that because we are the strongest of the free nations of the world, we have 
a corresponding obligation, and we need to provide leadership, not only 
political, military and economic but also morel leadership, 


I have been saying that if we had the good sense == and I am going to so 
testify before the Foreign Relations Committee of the United States 

Senate tomorrow morning =~ that if we had the good sense to use our great 
food abundance with courage and imagination, with a sense of responsibility, 
in terms of our moral obligations, to use it in a program to fight poverty 
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and hunger in the world, this food surplus would give us a moral power 
with great impact in the world than all the power of all the H-bombs 
we will ever build. 


The tragedy of America is that we have lost contact with the realities of 
the world situation, We have put all of our eggs in the military basket, 
Because of our failure to grasp the social dyhamics of this changing world, 
we are trading reliable friends in Asia for very doubtful military allies, 


These things are important because we are playing this one for keeps. There 
will be no return match because we either win the peace or all is lest, 

The tragedy is that we have a banker mentality about waging the peace. The 
House of Representatives voted -=- with one dissenting vote -- last week to 
appropriate $33 billimn for guns, It is the old business, billions and 
billions and billions for war, I saw it during the last war, where I served 
on all kinds of Commissions, the War Manpower Comrission, the War Production 
Board, I watched the Congress, the Appropriations Committee. When the 
General said, "Give us billions for bombs," and the Admiral said, "Give us 
billions for battleships," the Appropriations Comrittee didn’t say, "We 
can't afford these things." They opened up a big 24-inch valve and they 
appropriate billions and billions and billions. And yet when you say, 
"Let's fight this thing on a positive basis in terms of the needs and the 
hopes and the aspirations of people in peace time," they never open the 
24-inch pipe line, They get out the congressional "eye dropper" and they 
give you a couple of drops. 


You see, this is not realistic, 
What we need to do is to get realistic. 


We have a great opportunity in America te really lead. I believe that the 
American economy is, in truth, freedom’s greatest material asset, There is 
nothing like it in the world. Yet, based upon our resources, compared to 
what we could do, we are failing miserably. 


On the home front we have some of the answers. I believe that collective 


bargaining, labor-management relations, are a decisive factor with respect 
to the future of the American economy, 


I believe that collective bargaining provides us with the economic and social 
tools to begin to try to equate our great economic progress to human progress, 


When I was in India, I was asked on several occasions: How much influence 
do American unions have?" They said to mes "What about your union? How 
much influence does the UAW, the Auto Workers, have?" 


I said, "Well, it is difficult, really, to define those intangibles, But I 
might put it this way: that the Auto Workers Union has enough influence to 
make the General Motors Corporation say, 'Yes,' when it would like to say 
‘No.’ That is how much influence we have," 
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There are other unions that have influence, 


We try to use this influence, not as a narrow economic pressure group, but 
as a force that recognizes that in a free society no one can really solve 
his problems except as he works with other men ami women of good will in 
finding answers to the problems of the whole community. 


Now, our dilemma in America is the fact that there is a developing moral 
and cultural lag between the tremendous progress we make in the physical 
sciences and our failure to make comparable progress in the human and 
social sciences, We know a great deal more about how to work with 
machines and materials than we know how to work with people. Working 
with people has always been much more difficult than working with 
machines because a ton of steel, 12-gauge, out of the U. S, Steel Mill 
in Pittsburgh, is quite uniform, but every human being, thank God, is 
different. And this raises . problems, 


We need to recognize our basic problem is that while we have raised 
scientific and technical and production know-how to a high level of 
achievement, we need to develop a comparable human and social and moral 
know-why to match our know-how. Economic effort is not anend, Itisa 
means to an end. The end is the enrichment and the fulfil]ment of human 


life. 


Sometimes we get our equations somewhat confused, and our visiem gets 

out of focus, I believe that in the contest in the world between the 
forces of freedom and the forces of tyranny, between the forces of 
democracy and the forces of Communism, the world is going to judge 

America, and we need to judge ourselves, by how well we meet human need, 
not by our economic wealth or our productive power or how many new 

Chevvies we can make in a year, These are not the real measurements of the 
worth of a civilization. The true measurements of the greatness of a 
civilization are not how wealthy is that civilization in terms of material 
values, but by what sense of moral responsibility does that society reflect 
material wealth in human values, How do we translate technical progress 
into human progress, into human happiness, into human dignity? These are 
the standards, It is in this field we need to be working, The lag 
between technical progress in the physical sciences and the failure to 
begin to match the know-how with know-why in the human and the social 
sciences is going to confront the American people and the American 

economy with basic problems in the years ahead, and we shall be in 

trouble unless we begin to get these things in their proper balance, 


In that connection, I would like to touch very briefly upom some essential 
principles that I think labor and mansgement need to keep in mind when 
they sit at the bargaining table, 


I call these the common denominators of democratic survival between free 
labor and free management. 
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First, labor and management need to understand, and we all need to under- 
stand, that human freedom is an indivisible value; that human freedom can 
only be enjoyed in its social context, 


Robinson Crusoe didn't know what human freedom was when he lived with his 
goats. You can only have human freedom in association with your fellow 
man, Labor and management need to understand that you can't have free 
management without free labor, and you can't have free labor without free 
management. Neither can be free unless we learn to work together to 
preserve a free society in a free world. 


Secondly, I think we need to understand that freedom in terms of the basic 
values that we as a free people cherish, free labor and free management have 
& great deal more in common than they have in conflict. 


Thirdly, we need always to understand that in a free society there is no 
legislative substitute for the voluntary discharge of social and moral 
responsibility. 


The tragedy of America in the field of collective bargaining is that the 
very people who make the most noise against Government intervention in the 
whole field of economics and social action are the very people least willing 
to carry their responsibility on a voluntary basis, It is their failure to 
voluntarily meet the responsibilities that creates the vacuum which Governe 
ment compulsion must fill, 


You take the National Association of Manufacturers, They are far to the right 
of Louis XIV, 


And if they could do it, they would repeal the twentieth century, 


It is their kind of social irresponsibility that stands in the way of 
making the kind of progress in the human and social sciences which is 
essential to achieve this balance with the progress in the physical sciences, 


You just read American history! The loudest voicesthat condemn Government 
action, Government intervention, are always the same voices that refuse to 
meet the challenge on a voluntary basis, 


Fourthly, collective bargaining decisions must be based upon economic facts, 
and not upon economic power. 


How often do you think collective bargaining takes place unrelated to the 
facts? I sit across the table with the highest priced management represent=- 
atives in this country, and I participate in the highest level of eollective 
bargaining takes place in the absence of the essential economic facts that 
ought to go into the collective bargaining decisions, Too often economic 
power becomes a substitute for economic facts, because management is un- 
willing to place all the facts on the table, 
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There are these little private economic Iron Curtains behind which they 
hide the essential facts, of the relationships of wages, prices and profits, 
These are not matters that are private, because they bear upon public 
decisions that affect all the people. Yet this is the way collective bar- 
gaining is conducted in America, 


Only as economic facts determine collective bargaining decisions can we 
effectively work at raising collective bargaining above the level of a 
struggle between competing economic pressure groups, Collective bargsining 
can perform its basic economic and social functions in a free society only 
as the decisions of the bargaining table reflect the needs and the welfare 
of the whole of society. Neither labor nor management can, in truth, make 

} progress except as they make progress with the total community and the total 
nation. 


The sixth point or principle -=- and this is one that I could write several 
volumes about and give it a lot of spicy details in terms of specific 
situations and personalities, for this is the problem that cries for 
attentions Collective bargaining in a free society must be based upon a 
single set of standards of economics and morality, Too often we find two 
standards -=- one set of economic standards for the management, one set for 
the workers; one standard of morality for the management and a different 
standard for the workers, 


Take the pension question! I could tell you, how, long ago, I went to 
the bargaining table about pensions and how they said to mes "Why don't 
ht you tell the workers to save for a rainy day? Then they won't need 
pensions," 


When the automobile workers were averaging less than $1.50 per hour, T had 

a corporation executive who told me that at the time he was making over 

$300 per hour if you evened out his annual income from bonuses and salary 
on a 50 week basis, giving him two weeks off for vacation, Ona 40 hour 

be week basis, making over $300 per hour, and yet he said to me, "Tell the 
dollar and a half per hour workers to save their money for a rainy day, and 
then they won't need a pension,” Yet with his $300 an hour, his corporation 
already had provided for a $25,000 pension for when he was too old to work 
but too young to die == because they didn’t think he could save for a rainy 
day on a measly $300 per hour. 


Now, these are double standards, And they won't work, 


I don't begrudge ome..Gemeral Motors executive, or any other of these highly 

> paid executives, one penny they get. I get my reward in another way, I 

say that the way you measure whether your life was spent worthwhile is 
really, in my opinion, not by the size of your bank account but by how you 
have worked with other prople in trying to advance the cause of human justice 
and human dignity, That is my reward. They have tneirs, i have mine, So 

I don’t begrudge them their money, I have had many attractive offers from 
these fellows. I prefer to be where I am, 7 think the Auto Workers pay me 
too much, as a matter of fact, 
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I ask you this question, I have raised this at many, many management meetings, 
This isn’t something I say behind their backs, I tell thems I believe in 

the free enterprise system, As a matter of fact, I am more pro-free enterprise 
than most of the membership of the NAM because if they go in their own stupid 
selfish way, they will destroy free enterprise, I want to try to make it 
work, The only way to make it work is to make it reflect the needs of the 
great mass of the people. It has got to find a way to raise the standards 

of living of the many and not just the standards of luxury of a few, 


So I tell thems "Now, I believe in free enterprise, I believe that indivi- 
dual initiative and incentive is a powerful constructive economic motivation, 
And I am for it." But I say, "Tell me what kind of moral and mental gymnas- 
tics you fellows go through to arrive at the conclusion that if a worker is 
getting $4,000 a year, and he struggles with his fellow worker to try to get 
$5,000, that that is economically dangerous and morally wrong, while if a 
corporation executive is getting $400,000 and he is trying to get $500,000, 
that is economically sound, that is morally right, that is the highest 
expression of the American way?" 


And yet that is exactly what happens under this double standard of econo- 
mics and morality, I say this will never work. We need a single standard, 


The seventh point is that the only way you can have more is out of the 
economics of abundance; that labor and management need to realize that 

as they apply their respective skills in the industrial process, as they 
use these new tools that automation and atomic energy are going to give us 
down the road, they must find a way to live with, to manage, and to share 
abundance, This is the only way our economy will work, The eighth point, 
principally, is that the future of the American economy is not going to be 
found in your slide rules, It is going to be achieved in terms of a 
dynamic balance between greater productive power balanced by greater pur=- 
chasing power, always on a higher and higher economic plateau, always 
achieving that dynamic balance because a mass production economy cannot 
survive without mass purchasing power, 


I went through the Ford Engine plant in Cleveland where they knock out 
those Ford engine blocks fully machined in less than fifteen minutes with- 
out a human hand touching them, It's quite a plant, You could hardly find 
the workers scattered among those acres of automatic machines, The plant 
management contrasted the size of the work force with the size of the work 
force which used to turn out engine blocks in the Rouge plant. There was 
a time when the Ford Motor Company made a simple Model T engine block in 
twenty-four hours, This was hailed as a tremendous technological achieve=- 
ment, Now the rough casting comes out a finished block in 14.6 minutes, 


The management said to me gleefully, “How are you going to collect dues from 
these machines?" 


And I said, "That is not what is bothering me, What is bothering me is 
‘How are you going to sell them Ford cars?!", 
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That is the problem, You know, you cannot set up a parallel line automated 
to make plastic consumers, Thank God that still can be done only the good 
old-fashioned way. 


Now, you may think that this is a problem only in my imagination, I tell 
you that right now the auto industry is already technologically able of 
turning out cars faster than the American economy can turn out consumers, 


We are in trouble, Nobody can deny that. The industry knows it, They 
don't want to talk about it, but the facts are apparent. There are more than 
130,000 people in Detroit. on the streets. Mr. Curtis said yesterday that 
he had to revise his projections for '56 down 22 per cent from 1955, Last 
week we made 37 per cent less cars than we did in a comparable period in 
"55. Spring and the robins have come late to Detroit, and the spring pick-= 
up has not come at all, 


These are facts, not fancy, These are facts in the world im which we are 
under pressure from Communism, 


They have automation, And don't you get the idea they don't know how to use 
it, because they do, 


I say that we need to find an answer, There are more than 900,000 cars in 
inventory, If there is a pick-up in sales, it won't reflect itself in 
higher employment and more jobs, because the inventory is so tremendous they 
can meet any improvement in sales out of the more than 900,000 cars in 
inventories. We are in trouble, because of the imbalance between wages and 
prices and profit, between production and purchasing power, You don't have 
to take a Ph.D. degree in higher economics in Yale or Harvard to know that, 
It is simple, simple A, B, C's, 


This is our problem, I say we need to work at it, 


What happens with unemployment? It breeds unemployment, That is why we 
fought for the GAW; and I tell you, yes, sir, they are going to find 411 
kinds of roadblocks to other answers to this problem, but they are only 
wasting their time, because we are going to find an answer to this, You 
know, in 9 we started after pensions, They ran their full page ads, 

They said this was going to threaten the very stability of the free enter- 
prise system, Chrysler, where we had a 108-day strike said that the funded 
pension plan would dry up available capital, would stymie industry, and free 
enterprise would shrivel up. When we got to the GAW fight in 1955, they 
ran full page ads bragging about how wonderful the pension program was, 


Some day, when we have the GAW the way it ought to be, they will be 
»oracging about that, and we will be fighting for a shorter work week, 


That is how you make human progress, That is how it is made, There are no 
other ways to do it, 
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Now, why did we fight for GAW? We said, and we were right, that the 
guaranteed annual wage is more than a matter of economic justice to the 
worker; it is a matter of economic necessity, When you get more than 
130,000 automobile workers in Detroit on the street, when there are 
thousand in Flint and Kenosha and South Bend and Toledo and New Jersey 
and all over the country out of work, it means that these workers have 
their income curtailed, and that as consumers, their purchasing is cut 
back, Things that they would buy which other workers would make, are 
not purchases, and then those other workers get laid off. Unemployment 
breeds more unemployment. Then you begin to get a compounding of the 
negative unemployment factors, negative economic factors, Unemployment 
makes more unemployment which makes more, and you get in trouble, whereas 
if you got a temporary dislocation and the workers had their income 
shored up with a guaranteed annual wage system, then you would mot have 
a compounding of the negative economic factors, This is just simple 
basic economics, Yet when you talk about these things, you would think 
that we were threatening the very foundation of the future of our great 
economic system, 


We did very well in '55, But don't ever forget that we did it under 
great pressure and great stress because of the insane competitive 
struggle in the automotive industry. 


You know, they can say one thing publicly, but they talk to me privately. 
They can't tell us how they do it. We know how they schedule production. 
They would have you believe that this is all a reflection of the market, 
There is a very fine mechanism here, and they watch it microscopically, 
That is a lot of poppycock, and they know it, and we know it, 


General Motors sets the pace. If it is an imsane pace, they all get 

in the race, That is the way it is done, That is why we have more than 
900,000 cars in inventory. It didn't just happen, It is a result of 
this kind of competitive insanity. 


Now, if this insanity could be isolated from people, it would be unfor= 
tunate, but it wouldn't be tragic or serious, to families to people, 


Do you know how we sustained automobile sales for the last two years? 

By having millions of Americans spend wages and salaries they hadn't 
earned yet, They were spending future income, And consumer credit for 
new automobiles alone went up to a rate of 144 billion dollars. That 

is where it is today. If you think that is a heaithy thing, you are just 
ignoring the economic facts of life. 


Now, this imbalance developed because the wages and the prices and the 
profits got out of adjustment, 


Last year manufacturing corporations in America made a profit of 35 
per cent greater than in 1954. American farmers lost over a billion 
dollars in income, Millions of American familities living in depressed 


areas have experienced unemployment as chronic and a kind of a way of life, 
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Now, this balance between the wage, price, profit equation is not an 
arbitrary thing, General Motors, in all their wisdom, can't sit up in 
high places and make that arbitrary decision, The UAW can't make that 
arbitrary decision, These are not fixed relationships, These are 
relationships between these three essential factors in our economic 
equation, which must reflect the meeds of our society. 


If we are in a period where there is pressure of purchasing power upon 
the availability of good, then the stress must be shifted to expanding 
the capital goods industry, to creating the tools that will create more 
consumer goods, Having created those more productive tools, this 
greater industrial capacity, we must then shift the stress to the pur- 
chasing power part of our equation so that we can expand the market to 
absorb the greater production made possible by the expansion and the 
more efficient plant capacity, 


This is the thing that we have to keep in balance. It is a very delicate 
balance, but it can be done. It must be done because that is the key to 
this dynamic relationship between productive power and purchasing power, 
in which we will achieve higher and higher material prosperity on ever 
higher economic plateaus, 


Now, you take the question of automation. Take the question of atomic 
energy. I served on the Civilian Panel created by the Joint Congressional 
Committee on Atomic Energy. We spent a year studying this, And I tell 
you now that we are not facing up te the problems or the possibilities 

of atomic energy in America, We, also, are not facing up to either the 
problem, the challenge or the promise, of automation, 


Everybody knows what they are doing, but nobody knows the total social 
impact that automation will bring -- nobody, We need to begin to work 

on this problem. Unfortunately there has been much more heat than there 
has been light on the social and economic impact of automation on our 
society. It will have a greater impact upon the white collar worker than 
it will upon the industrial worker, because you can automate office routine 
where you don't change models much easier that you can automate a manue= 
facturing plant, where you change models and tools, We are not projecting 
this problem into the future, 


We need to be thinking about the location cf plants, Is this just a 
private decision, where a company can make a private decision and turn a 
city into a ghost town? I think not. I think that there are new respon= 
sibilities that need reflecting upon in these basic private economic 
decisions, 


There is the whole question of the timing and of the flow of automation 
inte the main production stream. There is the retraining of workers, 
the kind of job, the kind of training program, the kind of transition 
machinery we must plan ahead for, We are not doing that, 
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I have proposed, not because I want a lot of machinery set up, that some 
sort of a technical clearing house be worked out by labor and management 
and consumer groups working with the Government, so that there would be 

one technical clearing house where we would assemble all of the information 
and the developments, both in the field of atomic energy and its social and 
economic impacts and automation and concerning the new technology. 


General Motors knows pretty well what they are doing. And I suppose in a 
general way they know what the automotive industry is doing. And so does 
Ford, And so does Chrysler. And General Electric and Westinghouse know 
about their industry, and other industries know about their special 
concerns. 


But no one has a total look at the total problem. We need to pull it 
together because you cannot get the kind of intelligent approach to this 
unless somewhere someone has a look at the total impact, 


I think we need to umerstand that the social responsibility of ownership 
is of a changing character, If you own a simple production tool in which 
one man applies his energy and his skill in the use of that tool, the 
ownership of that tool carries with it very limited social responsibilities, 
but when you own an automated factory, your social responsibility increases 
in direct proportion to the productive capacity of those tools and to their 
potential possibilities of creating economic dislocation. 


That is just a simple rules if you om a simple tool, you can't do much 
harm if you use it unwisely, but if you own a great factory or hundreds 

of great factories, and whole communities and hundreds of thousand of people 
depend upon your economic decisions, then your decisions must reflect a much 
higher degree of social responsibility than the decisions of the persons 
who own the simple tool, that cannot create dislocation. 


This is not a matter of philosophy, This is a matter of practical economics 
because a free society could not survive unless it meets these basic problems, 


As a matter of fact, the Communists think we can't meet them, That is why 
they believe that ultimately they will prevail, I think they are wrong, 

I believe that free men can find the answers to these problems, but we 
cannot find them by any narrow, doctrinaire approach, 


What we need to do is to find our place in America on the high ground 
between the social jungle of a kind of laissez faire capitalism, with its 
calloused indifference to human values, and the swamps of a ruthless regi- 
mented economy in which an all-powerful State enslaves the human spirit, 
Some where on the high ground between those two extremes we must stake 

out our kind of philogophy, our kind of economics, our kind of tomorrow == 
not based upon dogmas, but based upon a kind of pragmatic idealism that 
relntes our developing technology to these basic human problems, 
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I have a belief that this can be done, 


You know, this question of ownership is a greatly misunderstood matter, 
Ownership doesn't change anything as far as the wealth that the tools of 
production can create, That is a matter not of ownership but of the level 

of your technology and your economic resources as you apply those techno= 
logies to those resources, Ownership only fixes responsibility, It 

doesn’t do anything else. And therefore to privete ownership, an institution 
I support, must go this increasing responsibility, 


Another thing I think we need to do in Americas We need to learn to sell our 
ideas. and our ideals in the world as effectively as we have learned to sell 
our cars and our cosmetics, 


We do well on these. I was in North Africa last summer, and I made a speech 
in the public square of Tunis. When the meeting was over, they said "Do 

you want a cool drink?" We went around the corner, and put our nickel in 
and got a bottle of coke, In North Africa! We know how to sell our cokes 
and our cars and our cosmetics, And we had better learn to sell our ideals 
and our ideas because that is the great contest in the world, between the 
free world and the world of communist activity. 


Now, I personally have unlimited faith in America, I have unlimited faith 
in the capacity of free men, Along with a lot of our people, we fought our 
way out of a social jungle. And don't kid me about whether it was that or 
not. I know because I worked back in those days, when you were just a 
nameless, faceless, clock card number, Then you had no rights, no status, 
You were to be used and dumped on the street whenever they got ready, 


I have seen the whole thing develop. I think there are great possibilities 
in America, Labor and management are learning to grow up together, It is 
a mutual process because in truth, labor cannot grow much faster than 
management and management not much faster than labor, in our total group 
relationships. 


This experience has given me great, great encouragement, I have unlimited 
faith in the capacity of free men in our great country, 


But there are a couple of things which bother me. Yesterday they dedicated 
the General Motors Tech Center, a $175 million model engineering research 
center, I was supposed to go there, but I got involved in something and 


@idn't make it; I hope to make a trip through it very shortly, No question 


about it, there is a symbol of the great technical progress we have made, 


But I am worried about a problem that I would like to raise with you, 
because you might help with it. We are losing the technological lead that 
we have had, and which has been the basis for our great leadership in the 
world. The Russians are picking up very fast. They are picking up 
because America has not maintained its educational system equal to the 
challenge, 
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Millions of American school children are being robbed of their rightful 
educational opportunity. 


Oh, we talked about that. We have many noble phrases and pious platitudes 
about our children being our most priceless national asset. Then we put 
them in antiquated over-crowded school buildings with underpaid teachers, 
That is tragic. We are robbing these children of their rightful educa- 
tional opportunity, We believe, in the labor movement, that every child, 
regardless of race or creed or color, all made in the image of God, has a 
right to the highest kind of educational opportunity so that every child 
can grow intellectually ami spiritually and culmrally, not limited by an 
overcrowded schoolroom, but limited only by the individual capacity of that 
child to grow, 


This educational lapse is the tragic part of American life, 


What bothers me in terms of the struggle in the world is that we are 
falling behind in the educational process, at the high school level md 
at the university level. 


On the atomic energy panel, when we talked about atomic energy research, 
the Atomic Energy Commission's own program -=- found the AEC can't get 
enough engineers and scientists to carry on even their program, Industry 
can't get them, They are stealing them from the Atomic Energy Commission, 
They are stealing them from the university faculties, 


And every aspect of our program in the atomic energy field is being restricted 
and held back because of a shortage of trained engineers and scientific 
personnel , 


Now, what is happening in Russia? Well, the best available information is 
that in 1920 the Russians had 41,000 graduate engineers, In 1955 they 
had 541,000, In 1952, we had in the United States 215,000 graduate 
engineers, Today we have roughly 500,000, 


In 1955, the Soviets graduated from higher learning institutions 63,000 


people in the engineering categories, and in 1955 we graduated 53,000 
in the same categories, 


Now, this is not just a quantitative difference, 


I was told by a leading educator, the dean of one of the leading engineering | 
schools in America, that the Russians are doing a superb qualitative job; that 
a four year engineering student in Russia has the academic equivalent of a 
master degree of five years in the United States. In 1953, the Russians 


graduated 29,000, In 1950, we graduated 52,0C0, and we dropped back to 23,000 
in 1955. 
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On the over-all, in the field of engineering and science, they graduated 
170,000 people in all of these categories, and we graduated 70,000 in 1955, 


In the last five years, the number of qualified teachers in our secondary 
schools and our universities in the field of science and mathematics, dropped 
53 per cent. This is where we get in trouble. If a young boy or girl can't 
get science and math in his high school, he just can't be available and 
qualified for engineering and science later on, 


This frightens me, If the Russians continue to move ahead, it means, that 
they will be able to begin to harness the atom, the new technology, They 
will use that not only in terms of their own economy, not only for military 
power; they will use it to implement their new offensive, the new look, 

which has not fooled me, because I think they are still determined to dominate 
the world if they can, They will use this new power, that this growing army 
of technicians and scientists will give them, to advance their program of 
economic penetration, 


Now, this is the world in which we live, This is the world in which all the 
values that we as a free people believe in are in jeopardy. 


You and I, labor, management, free people generally, must look at these facts 
not as we would like them to be, but as they are. We must begin to plan 
realistically to realize the full potential of the economic abundance that 
we can produce if we apply our new technology to the fullest, so that we can 
raise our living standards, so that we can reflect technical progress into 
human progress, and:so that we can help other people to help themselves in 
the struggle against poverty and hunger in the world. If we do that, I 

have unlimited faith that free management and free labor and free people 

can meet the challenge of tomorrow, and that they can realize the promise 

of a better day. Together with free people everywhere, we can move 

forward, ‘We can shape our programs and our policies in the image of our 
faith and our hope, and not in the image of our hatred and our fears, 
Together we can build a better tomorrow, and we can fashion that better 
tomorrow in the image of peace and freedom and social justice and human 
brotherhood, Thank you. (applause) 
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THE RESEARCH PROGRAM OF 
THE AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS 


Dr. Andrew S. Schultz, Jr. 
Director of Research, A.I.I.E 
Professor and Head, Department of 
Industrial and Engineering Administration, Cornell University 
Ithaca, New York 


I am honored to be here and I am very grateful to have the oppor- 
tunity to talk to you on this subject, which is the Research 
Program of the American Institute of Industrial Engineers. My 
topic was selected for me by your program chairman and it is the 
sory of a topic that must be delivered to a captive audience. 

This in no way diminishes its importance or my sincerity of 
interest in it, but I am glad you are held here and don't have the 
freedom of movement that you would have if this were being covered 
in a technical session. 


In his opening address on the topic of Industrial Engineering in 
Transition, Donald Malcolm made a number of good points. It is 

my purpose to elaborate on a few of them and some of his own phrases 
will be used. 


He spoke of the explosive technological developments that are 
currently taking place in this most dynamic field of engineering. 
The fine program followed in these two days of technical sessions 
is illustrative both of the explosive technological situation as 
well as of the dynamic nature of our field of interest. 


In the area of work measurement, we have many problems related to 
sampling, to applications of statistics, to the development of 
standard data systems, as well as automatic recording devices, 
which are definitely in the books for the future and which help to 
shape our research problen. 


In the area of methods, plant engineering and design, the words 
"automation", and “feedback control’ are illustrative of the 
developments which have been going on for years. Equally important 
here is the concern with some of the aspects of human engineering 
and with the development of much needed design parameters. 


In the area of organization planning, the program includes papers 
on communication nets, information flow, and experiments pointed 
towards ultimately more objective factors for organization 
development. 


In the area of production control you are hearing about new 
techniques which involve decision rules, the application of 
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linear programming to the problem, and the quantification of 
inventory procedures generally. 


In addition you are hearing about new research which develops 
objective measures, about perigee research, and of course, the 
fundamental statistical met a which underlies all of our work. 


The above series of examples illustrates the breadth of the problem 
as presented by the technical sessions. Another aspect of the 
research problem is equally well illustrated by a quick analysis 
of the disciplines represented among the speakers. If we leave 
off those who spoke at the meal sessions, we find that we have a 
chemist, a philosopher, four mathematicians, three physicists, 
two psychologists, a lawyer, two business administration people, 
and three mechanical engineers, three electrical enginers, and 
eight industrial engineers. In other words, industrial engineers 
are providing about a quarter of the program. There are no 
sociologists on the program, but they are working, and their 
research is going to have a direct and significant impact upon 
our work. 


So we find that the research program for the A.I.I.E. must 
definitely be influenced by the breadth of disciplines which are 
making contributions to tundamentals upon which our work is based. 


There are a number of other aspects of the situation which help to 
shape our research problem. We find, on the part of many people 
doing research important to us, considerable lack of knowledge of 
our areas of operation. This is generally associated with 
ignorance of the previous ese of industrial engineers 
in attacking these areas. 


On the other hand, we find on the part of many industrial engineers 
a lack of familiarity with the new developments. And, of course, 
there are frequent occasions where a young engineer who possesses 
some knowledge of these new ideas finds it impossible to seli his 
fuperiorg on their use. 


Nevertheless, there exists in industry and in other areas an 
increasing demand for industrial engineering functions, This 
demand logically stems from the need for better plant and pro- 
duction controls resulting from increasing unit labor costs and 
increasing volumes. One aspect of this trend was pointed up by 
Mr, Reuther last night. In connection with automation an error 
or mistake is usually much more expensive than it otherwise would 
be, This emphasizes the need for more and better industrial 
engineering. 


A heartening development found in many industrial firms is the 
broadly increasing responsibility delegated to their industrial 
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engineering departments. However, this all emphasizes the point 


that it is a lot later than we may think as far as the development 
of this organization is concerned. A new era and a younger manage- 
ment is beginning to demand more and more. And it can be foreseen 
thet this management will find itseif in a position in which it 
must have more and more from us, 


Mr. Reuther last night made a point oi Soviet competition in the 
production field. We have all read in recent months statements by 
various individuals who presume to be authorities on production 
matters=that the Soviet group is improving on our production 
abilities, and up until now we have flattered ourselves that we 
were without comparison the leaders in this area of endeavor. 


The problem that we face here is to develop in the situation as it 
has been outlined a research program that wili meet the needs of 
industrial engineering now and in the future, It can be stated 
that these needs include among others theze two important ones, 
The first is the requirements of industrial engineering education 
comprising understanding, cooperation, and responsibility of 
industry. Involved here is also the need for a feedback from 
industry toé¢nducation which involves the pressure to advance. The 
educational problem is @ serious one and an indication et a 
successtul solution will exist when majority of those engineers 
practicing industrial engineering are found to have taken the 
degree in the field, 


The second important need referred to is that of the industrial 
engineer in industry. This involves the necessity to identify 
clearly the areas involved and to associate new developments in 
these areas with our practice, 


Don Malcolm said it very well yesterday when he said we need a 
faster, more efficient introduction of change. We must provide 
an opportunity, both for specializec development for the 
individual in one or more of these areas, and also an cpportunity 
to become broadly familiar with the new conceptions. And in these 
two needs, at any rate, there is an identity of interests between 
those in industry and those in education who are represented here 
today. 


In an article prepared for your journal* the speaker pointed out 
the need for translation of new developments resulting from 
research in the physical and social sciences into techniques and 
apelication. This is an important part of any professional 
developmen’ and must be considered with the other points previously 
mentioned, 


* Nov.-Dec. 1955 - Journal of Industrial Engineering 
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It would seem that these needs would shape objectives of a 


t research program in this form: 
n Provide, first, a broad structure meeting our immediate 


needs, and those foreseeable ones. Currently, it should be 
capable of providing maximum aid and encouragement to research 
in the area of industrial engineering through, first, the 
provision of a medium of interchange of information - which we 
Ny lack; secondly, through the provision of a formal organization 
to assist in achieving understanding and recognition and 
encouragement of good research, And that is an educational 
problem, in part. 


Also, it should aid in definition of areas or problems which 
t need study, and, finally, in a broader dissemination of the 
results achieved in such research, 


From a longer range point of view this structure should provide 

' a basis for the organization of specialized divisions within the 
American Institute of Industrial Engineers when such action 
appears advisable. Within a few years this Institute will become 
1e of such a size that similar divisional development to that of such 
organizations as the A.S.M.E., A.I.E.E., I.R.E., and others may 
be essential. 


A third ultimate need is, of course, a basis for research accom- 
plishment as a result of direct action by the institute. 


The proposed program to do all this looks large, but it is not 
too large in view of predictable growth of the A.I.I1.E. 


It involves, first, a Research Council, which should be composed 
of representatives of both education and other areas, industry 
as well as Government, to provide advice and counsel, a two-way 
exchange of information. 


7 The actual work, of course, what there is to be done, is to be 
done by committees. We cannot assume that the Research Committees 
e individually, as committees, are going to do research. We find 


nothing in life or other technical associations to match this. 


We have at present a series of seven or eight staff research 
committees. The proposal is to take our field, make a slight 
shifting of the subject matter, and set up ten research committees, 
which have, as their responsibilities, a number of things, 

sly including, among others, keéping up to date with their own 
specialized area; provision of assistance in programming in such 
meetings as this; the encouragement of research, and the appraisal 
of new developments in the area, and resources in the area, and 
the taking of action to call these things, these needs, these 
developments, and these accomplishments, to the attention of those 
who should know about them. 
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Ia addition to this, there is called ior a series of research 
committees which are not primarily concerned with the subject 
matter, but directly concerned with encouragement of research. 
There are five of these in parallel with the functional committees. 
to the organization, and briefly they are: 


First, a Prize Committee. Those of you wito #ere chemists 
are familiar with the Chemical Society activitiss in that area, 
We should have a means of segregating, pointing out, end dis= 
tinguishing, outstanding master theses, outstanding doctor’s 
theses, and good work done in both industry and academic infe 
through some types of prizes. It is @ difficult problem beceuse 
it involves selecting and receiving and reviewing many papers, 
It is not easy. It algo involves raising the moneys to do this, 
That will be easier, 


Second, there is the Fellowship Encouragement Committee, 
Many industrial firms are offering graduate fellowships in 
engineering and science. Many of these fellowships are not in 
the field of industrial engineering, Our committee should be 


able to ensure that more of them embrace the area of our interest, 


The third committee is @ Research Informetion Committee, to 
provide @ medium of information exchenge as to work in the area, 
Maintenance of records of research under way, these abstracts, 
and liaison with researth agencies of other societies is involved, 


Next, there is a Research Support Committee, which can aid in 
directing into the ares types of support that are needed, botn on 
the part of Gevernment Sponsorship and Foundetion work, 


Finaliy, there is & Research Publication Committee, to 
continue with the monograph series and publish those reports which 
are teo lengthy for the Journal, too good to be allowed to die, 
and too esoteric for a commercial publisher to handle, We are 
going to have more of such every year. 


Now, I would like to take this opportunity of thanking the many 
of you who have aided me, answered my ietters, and made suggestions 
in the development of a@ program of this sort, I would like to 
reiterate my own belief that our success as @ professional oman- 
ization will in no smail measure depend wpon our success in 
achieving status in this area, We shall be distinguished from the 
purely technical associations, such as bankers, embaimers, and 
undertickers, chiefly in one area, by the success of a program of 
this sori. 


I think it is important to us. It is very heartening to see 
@ program such as John Nevros and the others have put together, It 
is heartening to see what is going on in the many universities today 
and in a relatively few number of industries, end i am sure, with 
your cooperation, we shel. be successful in achieving these objectil 


Thank You. 
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MANAGEMENT'S VIEWPOINT OF IE°S ROLE 


John L. Schwab 
President, John L. Schwab Associates 
Bridgeport, Conn, | 


It is a pleasure to address once again a National Conference of 
the American Institute of Industrial Fngineers, and I would like 


.to begin by complimenting your organization and especially those 


responsible for these fine arrangements for the excellent work 

they have done. I especially wish to commend the program committee 
for the impressive array of subjects and speakers. The AIIE is 
becoming more and more successful in effectively presenting the 
technical phases of the industrial engineering profession, rather 
than attempting to blanket the entire field of management. You 

are to be congratulated on the fine service you are rendering. 


Usually, and unfortunately, most conferences are like a Hereferd 
steer--a point here, a point there, and a lot of bull in between, 
Generalized conferences usually fall into this category, but one 
such as you arranged today has a lot more points than the remaining 
commodity. Unfortunately in some respects my topic--Management's 
Viewpoint of the Industrial Engineer's Role~=-does not lend itself 

to pin-pointing specifics as do some oi the more technical subjects. 
But it does provide an opportunity for a real soul searching. Let's 
begin, First, it is obvious I have two choices of the direction 

to which I can direct my remarks. 


1. To only the recognized good things about our profession 
which all of us like to hear. 


2. To the truth, via a factual analysis of the goode and 
the bad alike. 


Nhat you would like to hear can contribute little if anything to 
our profession, so let’s forget it. But, even though we be 
engineers rather than poets, I am sure we all appreciate the 
wisdom of Bobby Burns' quotation, "Would some power the gift 
would give us, To see ourselves as others see us." Such an 
understanding not only is helpful--it is vitally necessary if we 
are to be successful as a profession or as individuals, ior 
equally important with what we are is what others think we are, 
We may be the most competent, capable, and honest group in all 
society, with the greatest contribution to make to our fellow 
men--but if those with whom we live and work believe otherwise 
and continue to believe otherwise, we have nothing to contribute 
to society and have nothing for ourselves but our personal satis~ 
faction in being right. Hence, our existence as a profession is 
meaningless. 
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PURPOSE OF THE INDUSTRIAL ENGINEER 


Beiore cescribing management's viewpoint of our role in the 
business world, it is important that we ourselves thoroughly 
understand the basic purpose for which we exist as a proiession. 
Books have been written to ceiine it, but they can be rather 

simply condensed to one statement: Namely, to provide management 
with decision making facts, information, and data to serve as a 
basis for sound administrative judgments and decisions. Thus, as 
engineers, we are expected to provide measurements, both subjective 
and objective in nature, to those executives responsible for the 
policies, decisions, and actions oi the organization. 


As a corollary to this basic purpose it might be statec that we 

are obliged to serve as junior counterparts of executive management, 
ior after combining the how, why, and wherefore of the basic infor=- 
mation with maturity and experience, we can quickly develop to a 
level of accomplishment which merits the authority and responsibility 
necessary to make decisions. 


The conditions which make the climate so favorable for this are 
peculiar to this profession alone, for it is only in the industrial 
engineering field that an engineer is required to deal with the 

three all-inclusive functions which make up the management oi an 
enterprise. As an industrial engineer you must deal with physical 
materials necessary for the development oi new and effective methods, 
tools, processes, and procecures, as one of your prime responsibilities, 
You must understand costs, hence prices, because your time cata, plant 
layouts, cost center setups, and the like are the very basis of 

every cost accounting procecure, Finally, and perhaps most importantl), 
you ere dealing with human beings-~selling them, explaining to them, 
gaining their cooperation--in one of the most intangible arts and/or 
sciences of all=~- the measurement of human effort and the establish- 
ment of a fair day’s work. 


Top management has recognized this since the creation of the 
industrial engineering profession many years ago. But top management 
tends to be impatient with, and, quite frankly, disappointed in our 
actions. The reasons--we look too often (or at least give that 
impression to others) to our tools of industrial engineering as 
cure~alls for management*s problems and we appdiu...ly give the 
impression to top management that the only answer to every new 
problem of management is the creation of a new tool. 


Take a look at our program for this conference. As I said before, 
it is an excellent conference, but look at the four and eisht 
syllable words used to define many of our techniques which w.:t 
have a direct effect and bearing on operators as well as our tov 
management. I would conservatively estimate that no more thea 2% 
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to 3% of the industrial engineers here todos could concisely and 
understandably explain the majority of the topics to a top exec- 


utive. I am quite certain that the percentage of top management 
men who could do likewise would be no greater. Hence, many tend 

to believe that we are merely a group of mathematical mechanics 

and human computers and some of us, with our bright eyes and eager- 
beaver approach, do little to ease that suspicion. Thus, we have 
an unfortunate combination--difficult to understand techniques and 
over-enthusiastic salesmanship. It is no wonder others are fright- 
ened at the worst, and doubt our practicability at the least. 


To change these misconceptions, we must ourselves truly evaluate 
our profession and the tools we use in order to get down to "basic" 
thinking. The true purpose of these tools, may I repeat, is merely 
to provide clearly understood and acceptable points of information 
which will serve as a basis for agreement and/or stepping stones to 
progress. But, these tools by themselves do nothing. I am sure 
none of us expect a mathematical equation to carry a gunny sack, 
nor do we believe that a predetermined motion time system by itseli 
can convince an operator or an engineer who is trying to save face 
during a piece rate dispute. We must always remember that these 
devices are merely tools which compliment our judgment. They have 
been created to overcome certain weaknesses which we poor mortals 
untortunately have. 


Such reasoning must be applied to every industrial engineering 
tool, whether it be MTM, Operations Research, !.inear Programming, 
or any other catchily phrased and important~sounding technique. 
Consider the example of a pencil as a tool. I am sure that all 
engineers would agree that a common lead pencil is one of the most 
perfect tools designed by man. It is inexpensive, hence readily 
available to all who wish to enjoy its benefits. It serves its 
purpose better than any other tool at its price as proven by the 
fact that its design has remained unchanged for decades as a 
writing instrument. It it easy to handle, and it even has a 
device which few tools have~-~-a corrective factor for human error 
in the form of an eraser. So here I have in my hand one of the 
finest tools devised by man. And yet, as I lay this perfect tool 
on paper and command this tool, as it lies there inanimate, to 
write something as beneficial to man as the Ten Commandments or 
as revolting as a kidnapper'’s note to a bereaved parent, the 
pencil remains lying there, inanimate, accomplishing neither good 
nor evil. Thus it shall remain until it is taken into the hand 
of a human being. Then, and not until then, does it become an 
instrument of accomplishment. 


Management, as I mentioned earlier, looks to tlie industrial engineer 
as its replacement corps. As such, they are looking for general- 
ization, not overspecialization; for adaptability, not singleness 
of purpose. Our tools, therefore, must be understood snd usec by 
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understanding humans, for in the final analysis it is the people 
themselves who accomplish the task, not the tool. 


The types of tools we use, the vast quantity of them, and their 
complexity are the things which cause top management to look 

askance at our profession. For example, I have a power lawn mower 
at my home, complete with every conceivable kind of attachment. 

It came equipped with an excellent kit of tools containing 15 
assorted types of screw drivers, each for special purpose screws 
which hold the blades, wheels, tires, and other related parts of 

the machine. Occasionally, as I am mowing the back end of my 

lawn, the mower breaks down and I am faced with making some decisions, 
I must walk about 600 feet to the cellar, select the right screw 
driver, and return. So, manfully I trudge forward, make a selection 
his group, and return--praying that I have the right blade so 
on’t be required to make another trip. Every time this 

I long for a good old-fashioned S-bladed Scout knife with 
uld turn practically any screw on the mower. 


Managerial jacknives are what managements are looking for in the 
industrial engineer. Every top management executive recognizes 
that he has on his staff men who are more capable of handling a 
specific phase of the business operation than he. But, what they 
neec in addition are men who can appreciate the fundamental human 
importance of the managerial job--men who are more appreciative oi 
the fundamental philosophy and policies involved in operating a 
business than they are in the use of the routine measuring devices 
which create a true specialist. They are looking, as Dr. Gomberg 
pointed out in regard to Mr. Wilson, for those who can be pragmatic 
in their approach to basic problems of running a business. 


AN EVALUATION OF INDUSTRIAL ENGINEERING TOOLS 


It is not so easy for us who are so well acquainted with our tools 
of industrial engineering and their use to realize that others 
might not be so fully informed. Therefore, I should mention the 
necessity for us to evaluate each tool of industrial engineering 
in order to determine any shortcomings which top management might 
unwittingly or unknowingly ascribe to them. An evaluation is a 
simple and effective means for systematically uncovering errors or 
misunderstandings. As a result, it clearly indicates the actions 
which we should take to correct the causes of these difficulties. 


First and most important we must impress on management that we 

fully understand that these industrial engineering techniques are 
really no more than measurement devices, or expressions of data 
which attempt to put on paper a base point from which our minds 

can first agree and then make a decision as to what is right, what 
is wrong, or what we intend to do. This is typical of any measuring 
device, whether it be one of a tangible nature, such as a micrometer, 
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a yardstick, a speedometer, or whether it be a less tangible 
method of measuring, such as a union contract or a series of 
company rules. But whether it be tangible or intangible, this 
measurement must meet two specifications. It must be under- 
standable to everybody effected by it, and accepted by all if it 
is to be effective. Then, and not until then, can it serve as a 
basis of agreement and a tool for mutual progress. If not under- 
stood and accepted, it is inevitable that the measurement will 
become a source of controversy, disagreement, and failure. 


It seems to me, therefore, that as industrial engineers our primary 


ons job is to develop these tools, procedures, and devices to a maximum 
‘| of understandability and acceptability. 


0 SPECIFICATIONS FOR A MEASUREMENT 


Generally speaking, a measurement can be readily understood and 
accepted only if it meets the following four specifications. 


1. Easy to understand 
2. Quick to apply 

3. Consistent 

4, Reproducable 


These four criteria should serve as the basis for evaluating any 
c and all of our methods, for compliance to them is a true measure 
for their potential success or failure, 


First, we must question the ease of understandability. Our natural 
reaction is to say "Yes", for it is easy for our trained minds to 
agree since they are affected by a natural bias which any man has 
toward a subject or device which he thoroughly understands or has 
created. 


The specification of understandability, however, deals not with you, 
its creator or expert practitioner. More importantly it is concerned 
with its understandability by every man or woman who is affectec by 
our industrial engineering procedures. How well they understand it, 
what they truly think of it--both are of prime importance to 

general acceptance and use of the technique. We must recognize 

that it is use and use alone, which makes our procecures useful 

and contributory to progress. 


It is obvious that the more tangible a cevice, the more uncerstand- 
able and acceptable it is to all. For man accepts that which he 

ng can recognize with his senses of sight, taste, feel, and touch, 

er, more readily than any device or tool which is affectec by semantics 
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and opinion. The limitations of language place greater depencence 
on mutual faith than on mutual understanding, hence are more subject 
to disagreement by conflicting personal interests. Consider my 

tie as an example. Note the color and figure carefully and then if 
you agree with the following statement, please raise your hand, 


“My tie is predominantly brown in color and the figures are a 
series of small triangles in a contrasting color.” 


As you can see from the raised hands we have complete agreement. 
This is as it should be, since all of us know what the color brown 
is (with the exception of those who have the misfortune of being 
colorblind), and all of us who have had the advantage of a grammar 
school education understand and comprehend a triangle. 


Since both of these statements apply to something seeable, we have 
a basis for agreement. Hence the advantage of tangibility. 


Now, let's make another test using the same subject. Will all 
those who agree with this statement please raise their hand? 


"My tie is pretty.” 


May I humbly request the audience not to comply with my request, 
for my tie is a gift from my wife and I am sure that no one would 
wish to criticize her taste. However, both you and I know that 
there is a great doubt that the audience could reach unanimous 
agreement, for the adjective "pretty" is intangible since it is 

a matter of individual taste and opinion, rather than a matter of 
universal understanding and acceptance, 


The second point specified the necessity for speed in application. 
The tools had to be quick to apply--not to save installation costs 
by management, but in order to provide any potential benefits 
impartially and economically to all. I'*m certain you will agree 
that there is no greater source of dis~harmony in industry than 
that which stems from the granting of advantages and/or bene!its 

to one group of our people while denying others the same equa} 
opportunity. The majority of industrial relations disputes over 
wages are created by this condition. One corporation which recently 
sufferec a long strike can lay the blame for a portion of their 
difficulty to attempts to apply work measurement without wage 
benefits to indirect employees while direct labor employees were 
permittec to enjoy incentive pay. I hasten to add that I am not 
justifying either management's or labor's claim in this dispute. 

I am merely pointing out the basic human reason which lead to the 
dispute Setween management and labor was inequality of opportunity, 
which can also result from the use of time consuming, complex, 
difficult to understand, and costly to apply tools and procedures. 
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The third specification mentioned was consistency, since 
consistency is accuracy. Do our data always give us the same 
answer? Is the information supplied consistent or do the same 
figures give you different answers? This point must be emphasized, 
for when one talks about measurement, the terms consistency and 
accuracy are synonomous. If our tools and their application are 
consistent, we will not create a dangerous condition similar to that 
mentioned beforehand. For a consistent device properly applied 
will inevitably give everyone the same equal opportunity, hence, 

a better basis for understanding and acceptance. 


The final point which must apply is in regard to the reproducibility 
of any of these tools of engineering. This last item is important 
if we are to gain the faith of others who wish to use any of these 
devices. I must at this point mention an item about which I wish 

to take some of the AIIE members to task. At your last convention 

I felt it necessary to comment on a book sponsored by the ALIIE 

which criticized the basic approach of predeterminec motion times 
and related work measuring systems in general and MTM in particular. 
I wish to once more repeat my comments, since I find they were not 
heecec three years ago. In addition, the necessary corrections 

were not made in the original text and I find that Dr. Gomberg has 
even included this data, complete with errors, in the most recent 
edition of his book "A Trade Union Analysis of Time Study." 


First, a word about criticism itseli. I believe it is absolutely 
necessary, for criticism is usually the result of many inquiring 
minds devotec to solving a mutual problem. Obviously, their 
findings are of major assistance, and the more minds engaged in 
studying a problem, the more quickly and effectively the solutions 
are found, purified, and improved. Hence, it is a most wonderful 
and necessary activity. 


I am now in the position of criticizing a critic and his criticism. 
The book "Functions and Basis of Time Standards" by Dr. Harold 
Davidson as published by the society was replete with statements 
and interpretations completely erroneous and at odds with any 
findings and concepts of those of us who developed and published 
MIM and, I am certain, of those who developed Work Factor, BMT, 

and the like. Now, I can understand how overenthusiastic critics 
could misunderstand and misconstrue words which were written in 

the text, since the limitations of language are well known to all 
of us. If such were the case I would not emphasize such criticism. 
However, the errors of simple arithmetic contained in these books 
are so ridiculous as to be almost beyond comprehension. As just 
one example, may I point out the tables for the comparison of 
Methods-Time Measurement, Work Factor, and Professor Holmes's 

data, on Pages 156-157 (Table #6) of Dr. Davidson's work, and on 
Pages 227-228 (Table #7) of Dr. Gomberg's book “A Trade Union 
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Analysis of Time Study." To make this comparison, the authors 
were required to convert the MIM time values (which are in hourly 
units) to decimal minutes. The conversion procedure required two 
steps=~-the selection of the proper time value for a given motion 
from the MTM data card, and then the conversion process of 
multiplying the hourly value by .0006. Out of 54 chances, 33 
errors in selection and/or multiplication were made. I might 
especially call to your attention the fact that in seven multi-~ 
plications, the decimal point was misplaced. Furthermore, it is 
bad enough that the original errors were made and published, but 
to repeat the same mistake by including the table in another book 
produced by another published is so ridiculous that I am sure it. 
will do little to enhance our reputations either as critics or 

as engineers. 


I hope I do not impress you as being hyper~critical and especially 
de not wish to give the impression that I am resorting to ridicule, 
I never ridicule any man, or his work, for ridicule is, after all, 
merely a last resort of someone completely uninformec and desperate 
because of lack of knowledge of a subject which he fears. When he 
cannot argue it on a basis of fact, ridicule is the only answer. 

I promise I will never lay myself open to such a charge. 


There are many things about which we can be critical when consicering 
these tools, but now let's erect a defense of our ideas to top 
management. First, may I say that many of us are inclined to be 
hasty in our judgments. Take, for example, the criticisms which 
have been levelled at industrial engineers for their so-called 
huckstering techniques. All of us have been accused of over- 
emphasizing our work at the least, and in making outright false-~ 
hoods at the worst. It is somewhat difficult to defend against 
statements of this kind since they contain a modicum of truth, 
Yet, in the final analysis, we must realize that all of these 
actions which we now decry are a necessary part of the birth and 
growth of a product, procedure, or profession. 


All of us remember the exaggerated statements and claims first made 
for Chlorophyl, antihistamines, and the like. While mary of the 
original claims made for these substances coulc not in many cases 

be fulfilled, it is a fact that they have been and will continue 

to be valuable products which contribute in many ways to the 
betterment of our health, Undoubtedly the value of the wide acclaim 
and usage created by the so-called huckstering out-weighed any harm 
which might have resulted, for usage alone provided the final 
answers to their value. It has always been so, and will continue 
to be so. 


A second point which we must consider is the criticism uttered by 


so-called “practical” people who state that we attempt to measure 
too accurately and that our measuring devices are too refinec. 
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In answer, we must emphatically state that we can never be too 
refined in our measurements, for progress itself must he cauced 
by charting the development oi preciseness in measurement, As 

an example, compare the present and past degrees oi refinement of 
linear measurement with our present and past engineering develop- 
ments. It is well for us to remember that the inch which we now 
so accurately measure with electronic devices, platinum bars, 
electrical wave lengths, and the like, was at one time cefined as 
the length of three barley corns taken trom the middle of the ear 
and laid end to end. And likewise, in 16th Century Germany the 
"pute" or “rod™ was deitined as the total length ot the left teet 
oi the first sixteen men who emerged from church one Sunday 
morning and were lined up heel-to-toe. 


More than ever industrial engineering, like every other engineering 
proiession, must constantly redetermine the bases of measurement 

to develop methods to reduce the chance oi error, for it is only 

by increasing our preciseness, consistency, and accuracy that we 
can advance scientifically. 


In this respect I will always remember the past ten years. During 
that time, when MTM Cin which I have a deep personal interest as 
comdeveloper and co-author) was tirst introduced, criticisms, 
well-founded and otherwise, were constantly thrown at me both 
publicly and privately. Of all, the criticism most commonly 
voiced was in regard to the “ridiculous minuteness™ to which the 
time values had been established and applied. And yet over that 
same period, thousands of MIM practitioners throughout the world 
have come to realize that the practicality of application of these 
minute pre-determined motion times is a well recognized tact, and 
that they can be applied with equal accuracy, consistency, and 
with tar greater speed than can any other industrial engineering 
technique for establishing time standards. Their usage has proven 
this true for they have been found to apply equally well to 
operations as simple as tying a weaver’s knot and to those as long 
and involved as the establishment oi maintenance and construction 
time standards for the heaviest industries. 


Ten years for the poserpepee) oi this or any science is a wink in 
eternity. Yet look at the progress which we in industrial 
engineering have made. We should be proud, for we can point out 
to management a fact which few of them realize, namely that in 
terms oi elapsed years, the progress of industrial engineering 

as &@ proiession and true science has been far more rapid than an 
equal level of progress in the fields of electrical, mechanical, 
or civil engineering. 


Considering the tield of work measurement alone, as an example, 
I can promise that you can expect far greater refinements in MTM 
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at least within the next two years, and I can tell you with 
certainty that the pre-determined motion time data card which 
will be understood and accepted ten years from today will be 

the size of this personal calling card which I hold in my hand. 
This may indicate how few classifications of motions and their 
corresponding time values this science will require. This is 

no idle statement for, in theory, we have already developed MIM 
to that degree. You may ask why would such refinement anc 
minuteness be necessary when the existing data tables meet 

every practical need of work measurement. The answer is obvious. 
Existing motion time values as yet are still merely combinations 
oi the original Gilbreth Basic Elements which we have not yet 
heen able to isolate because of the limitations of our present 
measuring devices. To attempt truly fundamental and basic 
research with combinations of motions is like trying to do 
chemical research using compounds rather than elements. The 
elemental structure, in fact the nuclear structure, of motion 
times must be theorized, established, and proven. Then, and not 
until then, can we celve into the aspects of human behavior, 
human accomplishment, and human reaction to the depth so necessary 
tor the a’‘vancement of our way of living. 


While the present data are adequate for the measurement of work 
for incentive payment and other commonly used activities of 
management, only a small part of the real contribution which 

the industrial engineer's measurements of human effort can make 
are along these lines. Currently we are working on new measure- 
ments of nerve reaction time using MTM as a basis tor the study. 
We are performing similar studies to determine, if possible, sub- 
conscious mental activities and their relation to fatigue. Again, 
MTM serves as a basic tool. Other similar activities involve the 
study of the effect of heat on productivity and fatigue, the 
eitect of efiort alone on productivity, and the accumulative 
effects of mental and physical fatigue on heart conditions. These 
are but a few of the deeply personal activities to which time 
measurements are now being applied and I have no doubt that during 
the next decade our studies will uncover more and more intormation 
which will indicate even more strongly the eifect of our work 
measurement on other iields olf humanics such as psychiatry, 
mecicine, psychology, physiology, and the like. 


Management must be iniormed--perhaps a better word would be “solc"-- 
on the true effects our contributions can have for the betterment 
for mankind in general and industry in particular. ‘Ye must 

broacen the outlook of our value to society in order to fuliill 

the niche which management has been holding open for us, but does 
not yet believe we have filled. So, we must not merely await 


acceptance, we must create a change in our own thinking and actions 
to merit it. 
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One thing which will not change is perhaps the most important 

part of any profession--namely, the basic philosophy around which 
it is built. This philosophy must be believed and conformed to 

if we are to be truly successful. This is what management expects 
oi us, and adherence to such a belief will be the real factor in 
the success or failure of our profession. The philosophy of the 
incustrial engineering protession is neither original nor unique. 
However, it truly represents the reason for the existence of our 
profession in logical sequence. I propose the following as a 

real philosophy for industrial engineers, 


1. Every worthwhile business is established to fulfill an ideal. 
Its basic purpose is to contribute both to society and to those 
who finance, administer, and oyciate it. A business so conceived 
is created to progress, not to fail. 


2. Progress can only be made by combining the efforts of those 
who create, administer, and operate the business, These efforts 
must be directed toward this common purpose if progress is to 
continue. 


3. Faith is the basis for progress, for mutual faith between 
individual and groups of men assures common use of their abilities 
toward progress. But faith as it exists in men's minds can be 
destroyed by the conflict between instinct and reason and progress 
is then retarded. 


4. Understanding is the power given us to comprehend. As such, 
it restores and bulwarks faith, 


5S. Understanding is created through the effective and objective 
presentation and acceptance of facts; facts impartially determined 
through searching analysis and a quest for truth. 


&, Understanding through facts is therefore our aim and our goal, 
for understanding, alone, provides the solution to any or all 
uanagement problems. 


This is our philosophy, our aim, and our goal. This is what we 
must believe if we are to fuliill the demands of our profession 
and comply with the purpose expressed earlier in my talk. This 
is what management believes the industrial engineer's role to he. 


Let's act it well. 
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PERCEPTION AND ANTHROPOMETRICS 
Robert B. Sleight, Ph.D. 


Applied Psychoiogy Corporation 
Washington, D. C. 


Man as a Perceiver 


Man is many things. What he is depends on how you look at him. 
Pernaps to the blologist, he's protoplasm, to the chemist, 
elements, to the engineer, a servomechanism. The human enginee: 
looks at man in still different ways. There are two main 
cnaracteristics of man that concern the human engineer: man is 
a_ perceiver and secondly, man 1s an occupier of space. 


Man can and does get to know what goes on around him by using nis 
senses. Most scientists are content to deal with five senses, 
namely, vision, hearing, touch, smell and taste. Those who wish 
to get technical talk about the temperature sense and the sense 
of balanc And then there is the one apparently possessed by 

so few peopie: this is usually referred to as “horse sense. 


Ail of our senses help us to live and do our work. The motion 
picture industry has been aware of the value of using the senses 

to communicate and entertain. First, there were the movies, 

then the talkies and now it has been suggested that, in conjunction 
Jith modern air conditioning, movie scenes of beautiful flowers 
und industrial processes might be more complete if the olfactory 
sense were used. The motion picture industry is striving gallantly 
Lo come up with an appropriate name -- so far the only suggestion, 
as you might guess, is the "“smellies". However, for the purposes 
of controlling machines and communicating, very little use nas been 
made of senses other than the visual and the auditory. 


We may ask: Just what can man perceive visually and how does this 
relate to equipment design? First of all, normal men and women 
can see shapes, sizes, and colors. It may be well to point out 
wnat makes things “seeable." Sometimes, these are spoken of as 

the four fundamental factors in vision. They are: brightness, 
contrast, time and size. Most man-used equipment will have certain 
visual displays, that is, dials, scales, labels, and so on, which 


lidicate iow the equipment Is operating and what should be done 
by tne operator. If the man responsible for designing the equip- 
ment Knows the optimum values of these four fundamentals, from 


the standpoint of the user, he wlll have about 90% of the visual 
display problem solved. 
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are measured. Brightness is measured photometricaily and the 
rootlambert is a unit of tiant reflected from an object and 
received at the eye. Contrast is measured in terms of ratio of 
brishtness of adjacent parts o of the object, e.g., to see a dar 
letter on a white page, the background of the page snould be 
five times as bright as the letter. Time is simply in seconds. 
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or eye movement is about 120° vertically and 160° horizontally, 
but the area of keen visual acuity is only about five degrees. 
Color coding is becoming increasingly important as a means of 
identifying controls. However, although the normal adult can 
discriminate an almost unlimited number of color differences 
when compared directly, when he views each separately, he can 
only identify 10 colors, viz., red, orange, yellow, yellow-green, 
green, blue-green, blue, violet, purple and bluish white. Also 
when he is viewing each separately, in a situation such as on 
an instrument panel, he can only identify 5 sizes of figures, 

5 light brightnesses and 6 flicker rates. 


Quick changes in the illumination under which an operator works 
may seriously affect his efficiency. When he goes from a bright 
to a dark area it takes him about 30 minutes to see well. Too 
much of the wrong kind of light is also bad. Glaring lights 
will seriously impair vision if they are within 60° of the line- 
of-sight. These are only a few of the more-or-less general 
principles of vision which the human engineer attempts to apply. 


A typical instrument panel 


Human engineers cand others, besides conducting more or less basic 
¢cudies on visual processes have also studied specific visual 
display problems to such an extent that there now exists a body 
of human engineering principles to guide display design. Some 


of these principles are illustrated in this imaginary instrument 
panel. 


Figure 1 


A Typical Instrument Panel 
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A--The most important visual display should be located at eye level and 
in the center of the visual field; while those indicators watched only 
occasionally should be farther from the center. 


B--A control should be close to the indicator with which it is associated. 
Controls should be located so that the hands do not obscure indicators 
when adjustments are being made. 


C--Pilot lights should be near the top-right hand part of a panel and 
associated switch should be thrown toward the light for turning ON. 


D--Warning lights should be close to the ususl line-of-sight. 


E--Connections such as phone jacks should be at the lower edge of the 
panel so that cords do not interfere with vision or control operation. 


F--Controls which are of the same shape should be separated. 
G--Infrequently used controls should be isolated by covering. 


H--Speakers which may give different information should be separated 
and should be mounted above ear level. 


In a way the console design characteristics about which I have been talking 
will appear to be only common sense. This is partly true but unless someone 
is responsible for the organization and application of these simple-sounding 
principles, the resulting console can be haphazard, inefficient, expensive to 
build and maintain, and the cause of mistakes which result in unsafe operation. 


Practicing human engineers are more and more accepting this responsibility 
and having a unique appreciation of man's capabilities; they are insisting 
on designs suited to the man. 


Glass bottle inspection, a case history. 


To illustrate how human engineers undertake this responsibility in problems 
of a primarily visual nature, I will relate briefly a case history. This 
general problem is one with which I am sure, most industrial engineers are 
familiar. It concerns visual quality inspection in a factory. In this case 
the product was glass containers. 


In spite of the advances in machine inspection, much industrial inspection 
is still done by human eye. Frequently, the inspection by eye is done as 

the object passes by on a conveyor belt so that the task is to see objects 
while they are in motion. 
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The problem posed by a large glass manufacturing company was to ascertain 
the feasibility of improving quality and/or quantity of glass bottle 
inspection. 


Bottles are made by forming machines, are then cooled and move by conveyor 
belt past inspectors who look for the defects. These defects, although 
bearing many and diverse technical names, may be thought of as small 
cracks or bubbles in the glass. Actually there are 52 different defects 
which the inspectors must recognize. These carry such poetic names as: 
blister, stone, dope, and scabby bottom. Forming molds are carefully 
made and materials selected and mixed with great care so that most 
defects which occur are very small. In many cases, rejection of a bottle 
is based on a human decision that the defect exceeds an arbitrary "limit 
sample" -- the blister is too deep, the stone too large, the blemish too 
dark, and so on. 


The task of finding these defects is rather enormous in terms of dollars 
and man-power. In this particular company the inspection job cost was 
several million dollars a year and accounted for some 25% of the company's 
personnel. 


There are many psychological factors involved in this task of glass bottle 
inspection. These include problems in the field of vision, motor control, 
attitudes, psysiology and training. We shall restrict ourselves here to 
merely some of the visual aspects of glass bottle inspection. 


Among the visual elements of the typical bottle inspection situation are 
the following: 


1. the target (or defect) is moving; 
2. usually the target is a low contrast mark or crack; 


3. sometimes the target is seen as bright on dark and 
sometimes dark on bright; 


4. besides being in linear motion, the target may be in 
vibratory motion; 


5. the target is at variable distances; 
6. the target is often near threshold size; 


7. the target may be in different planes, i.e., on front 
surface or rear surface, inside or outside; 


8. the target may be three-dimensional; 


the illumination on this job may vary over a wide range 
(3-600 fc); 
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10. the target is surrounded by many extraneous light 
reflections or glare spots due to the inherent curved 
surfaces of bottles; 


11. the form characteristics of the target are many and diverse. 


The approach used by Applied Psychology consultants on this project 
consisted of the following: (1) orientation by means of several 
visits to the plants, (2) study of existing inspection records, 

(3) analytical review . literature on inspection and 


visual performance; and conferences with plant supervisory 
personnel. 


Based on these activities, recommendations were made covering 
several pertinent matters; one of these was training. The use of 
training aids, and especially flash recognition training appeared 
advisable. Particular attention was given to the literature on 
motion aspects of visual inspection. 


Company records and those of customers, ie., food packers, showed 
that the quality of inspection resulting from the existing set-up 
was remarkably good. Although no one would underestimate the 
seriousness of loose glass in a bottle or the possibility of bottle 
explosion due to thin or cracked glass, the very infrequent vacking 
of defective bottles lead the consultants to believe that trying 

to improve quality of inspection was truly like looking for a 
needle in a haystack. This led to a revised aim, viz., maintaining 
quality and enhancing quantity. 


Figure 2 
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Oth venses 
The thinss that I have said about vision as it velates to design 
of machincs and precesses can also te said of audition. Further- 
more, a8 research progresses there will be similar human 
engineering principies with egare to the use of other senses. 
Especialiy promising is means of communicating and controilting | 
through the tactuai s¢ The oF is ratne: keen and 
is is used a great deal in e: irk tae iiving. Sometime pause and 
think of the many, many ti es in a day that you use the sense of 
touch in performing your work or adjusting to your immediate 
environment. You button your shirt, you steer a car, you eat 
yous food, you brush your teeth, and seratch your ear. These are 
only 2a few of the acts you perfoim in so routine a fashion that 
you are hardly awa: e of them. Is it not possibie that a body of 
principles derived from systematic research on the tactua! sense 


might enabie us to use it 


or even as a full-fledged communication tecnnique ® 


n 


as Supplement nt 
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Reaction Times of Various Senses 
S Organ Reaction Time 
Visual 150 Sec 
rr 
~actwuel, eevedd 6 @ sec, 
In our fast-moving age, literally and figuratively, we often 
wonder about time necessary to react. In this respect it 15 
interes pain: to compare the reaction time to different sensor; 
Stimulations. rable 2 compares simple time to react for a 
Vislai, @ tory and tactual stimulation. 
remove a fing: from a when a senses 
stimu acted. For exanipie, wnen a Licht fiashes on the WErve 
raases his finser. This is a simvie task. more complies 
reaction task might take up to several seconds to accomplis! 


— 
35°90 


Also, these are average times, a few people will react much 
faster and some will react much slower. Although most commun- 
ication is done by sight and hearing you will notice that if 
you want to get some action real fast, you can do so by 
utilizing the sense of touch. 


What is the significance of this difference in reaction time? 
Here we have a difference of 35/1000 of a second between visual 
and tactual reaction times. Consider the situation of a 1,000 
mph airplane -- it will cover about 1,500 feet per second. 
Therefore, in 35/1000 of a second it will cover 52 feet, not an 
appreciable amount in some respects but, if the pilot can be 
warned by a tactual signal, this small increment in time might 
be enough to avoid a head-on air collision. 


Figure 3 


Fic. 3. Exact sizes and shapes of the 25 stimulus items which met the criteria of WW, or 
better accuracy in Cond. 2 (sulid figures, movement 


These Were “Readable" by a Finger Touch 
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[ will cite a Lllustration tk sens { 
touch for use ir quipment « son t S 
which were "read" by touchin tin. These 
letters, numbers and geometric nto raised 
forms. They we: curacy eve! 

y untrained pe: wath am Ci r tip. 
you can see, there is some promise for the tactual sens S a 


¥ 2 

channel of commur ication. L'il leave it to your imagination t 

surmise what would happen iif 


We have reviewed briefly the human senses and have shown how, 

be cause mar LS pel vers inf Irmation about tne Sense 

LMDO ‘tant in designing equipment ior numan use. 


t us now take a look at another important as 
work. This concerns man as an occupier of space. 


Man as an Occupier of space 


e 


A major concern of industrial engineers for some time ha 
an efficiently arranged workplace. In recent years, hum 
engineers have become increasingly interested in this p 
in some cases working jointly with industrial engineers. 


task of providing man a suitable work arrangement has given 
1 she study of the dimensions of the human 


le impetus to 


4 
body, called anthropomet trics. These body dimensions are use 
cte 


define the spatial chara 


teristics of the workplace which must 
provide adequate room for the man. The workplace should not be 
so big that reaching for controls requires exha —austing effort. 
Obviously, controls must not be beyond the reach of the oper 
Also, if controls are too close to the operator they can bec 


inadvertently actuated, perhaps with disasterous results. 


Physical anthropologists have made extensive measurements of’ the 

human body on large plese of people, especially those in the 

military service. The measurements have been made in various 

technical ways and with anecialised measuring equipment. We do 


not need to become involved here with the technic al language usea 
xr with the refinements of anthropometry. Jur objecti 


of the body dimensions 


toa 
> 


Oy 


which have primary 


importance in the daesign of eQuit ‘4 pment for human use. 


male body dimensions. 


In Figure 4 are Sl e average dimensions and the 5th ana 95th 
percentile measurements The extremely small 5% and the extreme ly 
large Sf of the men are not included here. It is assumed that 

for these people, special built equipment will be necessary. 
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Figure 4 


Anthropometric Measurements Related to 
Equipment Design 


One point must be realized about these measurements, namely, they 
have been made on nude or lightly clothe@ subjects. The men were 
not wearing restrictive clothing and therefore, from a practical 
standpoint, these measurements will be in error for men wearing 
heavy clothing. For instance, standing height (M) may be increased 
by as much as 1.9" with the addition of heavy shoes or flying boots. 
Shoulder breadth (K) may be increased by an inch, while the arm 
reach may be decreased by as much as 4" due to the restrictions 

on arm mobility imposed by heavy pressurized clothing. Also, you 
will notice that there is an appreciable difference between measure- 
ments made in the rigid conditions of anthropometry and the normal 
conditions. This is apparent by comparing average values for line 
A (erect sitting height) and line N (normal sitting height) 
respectively 35.9" and 34.6". There is a difference of 1.3 inches. 
This difference is also represented by a lower eye level when the 
operator is in a normal, partially slumped, position. 


A Case of Restricting Equipment. 


The clothing and equipment which the man wears or has attached to 
him are an integral part of him when designing for efficient human 
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performance. Let us consider the situation of an Air Force 
pilot in a modern high performance jet airplane. He is encased 
in a pressure suit and has attached to him various items of 
survival gear, such as a buoyancy, "Mae-West" type jacket. 
Forces of acceleration which he may experience will require him 
to use a safety belt and shoulder harness and these will also 
restrict his freedom of movement. 


In this clothed condition the area in which the man can reach with 
his arms is considerably more limited than for the nude man or the 
man in shirt sleeves. Let us take a look at the useable control 
location area for a man restricted in this fashion. Figure 5 


illustrates the work area of a seated pilot wearing a partial 
pressure suit. 


Figure 5 


Work Area of a Seated Pilot Wearing 
A Partial-Pressure Suit 


The limit of his functional arm reach, i.e., the area where he 

can grasp controls, is 26". We must provide at least 12" of space 
on each side of the man for the man and his clothing and gear. 
With these restrictions the pilot has an actual work area with a 
maximum horizontal depth of 14". You can see how misleading the 
nude data of the anthropometrist can be. An example of the alter- 


ations the human engineer must make in this data is indicated in 
the next table. (Table 3) 
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table 3 


Arm heach under Various Posture and Clothing Ccnditions 
Condition Size of Man Arm Keach 
Shi.tsleeve, Standing Large 37" 
Shistsleeve, Seated Smali 30" 
Pressurized clothing, 
seated oma ll 


Referring to this table you will note that the large man (95th 
nercentile) has an arm reach of about 37 inches as measured by 
the anthropometrist, .The smal! man (5th percentile) must also be 
aole to work efficiently and, when seated, his arm reach is _— 
30 Inches. However, in ou: coccpit situation, wearing 4 pressure 
suit, ils maximum functteonal arm reach will only be about e. 
inches. This difference of li inches is a major discrepancy. 

Tt shows that fatlure to take Into account the total equipment 

of the operator will resuit in grossly inefficient designs. 


Human enmineers in their attempt to design working environments 
to Vl.S ali, or nearly 411 operators, nave found that designs can 


be arrived at vhich accomodate the middle of operators witiout 


Sertous Sacrifice of the’ °ffictency, Those few mn ab th: 
extremes can usually functlon with fair success under these 
econditions, and by ignorins, su to speak, the extremes in 
Welsht, and girth, the design of adjustable equipment such as 
seats, foot-rests, etc., is feasibvdic. 


For th's reason, the outer limit of the work area is determined oy 
the arm reach of a man whose arm ts shorter than 957 of men, {Ye 
say hls arm reach falls in the uth percentile.) The inner boundary 
- defined by the elbow room needs of the largest man we wish ¢ 

accomodate -- the one wno falis at the Chth percentile. By usins 
valucsp we have defined tue boundaries of a workplace In whic 


the middle 90% of men can operete effic? 


— 


Further Avea Delineation . 


— areas can be deserlbed within this total work area. This 
is wnin Fig. 6. This figure illustrates the workins area on 3 
vertic cat panel. Numeral 1 refers to an area for infrequent une 


$4213 


which can be reached only when the elbow joint is locked. 

Number 2 designates an area for frequent use, this area is easily 
reached by one hand. The cross hatched area is for controls to 

be used by both hands. These areas are smaller if the operator is 
seated because some mobility is lost and the size of the usable 
area also depends on the distance cf the operator from the vertical 
work surface. 


Figure 6 


var 


“work Area on a Vertical Suriace Above a Bench 


Anthropometrics and Workplace Adjustability. 


Again, anthropometric data is used to define the optimum height 
of a work surface in front of an operator -- 12" above the seat 
level. In this case, average body measurement values have been 
used, but adjustability should be provided. 


For instance, if we want to insure that most operators in a 
particular work situation have their elbows at the same level with 
respect to a flat work surface in front of them, making it equally 
easy for them to work there, we must make the seat in this work 
Space adjustable. The short man's elbow level must be raised to 
this work surface, and the tall man's elbow level lowered. In 
order to do this the range of seat-to-eye heights (from 5th to 95th 
percentile) must be determined. This range turns out to be about 
5 inches. In designing this seat, five inches of vertical adjust- 
ability should be incorporated, 2 4" up and 2 4 " down from the 
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normal position. You remember that an optimum average work 
surface height is 12" above the seat level, so the normal seat 
position should be 12" below the work surface. With five inches 
of adjustability, 90% of the population can place themselves in 
an efficient position in relation to the work surface. Of course, 
the seat could remain stationary and the adjustability be in the 
work surface itself. No matter which solution is used, the 
anthropometric data on which the degree of adjustability is based 
would be applied in the same manner. Here, then, is an example 


where both the average, and the maximum and minimum anthropometric 
values are used. 


Combination of Perception and Anthropometrics. 


Before closing, I would like to show you how data on perception 
and anthropometrics can be combined in order to provide more 
specific information ‘about the design of work areas. We have 
already indicated in the cockpit slide that an area directly 

in front of the man can be delineated which will be seen with 
both eyes without the operator moving his head. Other visual 
conditions will further delineate this work area. Figure 7 
presents work areas which satisfy both arm reach and visual data. 


Figure 7 


Anthropometrics and Visual Delineation 
of Total Work Area 


In this figure, the letters A through C designate visual areas 
within the work space. More head and eye movements are required 
to see objects in area C than in areas A and B. Thus area C can 
be considered less desirable from the standpoint of vision. 
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UTILIZING THE INDUSTRIAL ENGINEERING POTENTIAL 
IN MEDIUM-SIZED MANUFACTURING PLANTS 


C. Lloyd Thorpe 
General Manager, Willamette Iron and Steel Company 
Portland, Oregon 


The emergence of industrial engineering as a dominant and positive force in 
our industrial society can now be taken for granted, Certainly the current 
emphasis on automation and the many advanced industrial engineering tech- 
niques involved therein have strengthened the position of industrial engineering 
and have increased its opportunity to serve, The vigorous growth that the 
American Institute of Industrial Engineers has experienced for the past several 
years on a national level, the successful trend toward increasing the professional 
status of the industrial engineer, and the substantial and continuing demand for 
college graduates from the industrial engineering curriculum are indications 
that industrial engineering is gaining recognition in important places and that 
such recognition is deserved, To those who have pioneered in this, it isa 
neartening and rewarding development, 


Yet, in spite of all this there is some concern that industrial engineering has 
taken ona sort of hybrid character, There are so many diverse techniques in 
the industrial engineering field -- process charts; flow diagrams; linear 
programmings; cost, motion, and organization analyses; operations research, 
and the like -- which lead to activity in such apparently different areas as wage 
and salary administration, production control, and work simplification (to name 
just a few) appear to some persons to reflect a ''jack of all trades, master of 
none'' trend which conceivably could dilute the effect of industrial engineering 
by causing it to become preoccupied with taking in more territory rather than 
in penetrating deeply into a less-encompassing domain, 


Let me state at the outset that Ido not share this concern, Rather, a purpose 

of this paper is to advance a somewhat opposite view which is that the industrial 
engineering function is not being fully exploited in many medium-sized businesses 
and, to the extent that less than optimum use of it is occurring, a case can be 


made that this is unnecessary, costly, and should be subject to considerably more 
attention by prudent management, 


First, let us define the industrial engineering function, If we can accept the 
definition of industrial engineering as submitted by the A,I.I, E, Long Range 
Planning Committee at the Industrial Engineering Seminar at Cornell University 
last Fall and adapt it to this discussion, it would be as follows: 


The Industrial Engineering Function is that which "is concerned with 
the design, improvement, and installation of integrated systems of 


men, materials and equipment; drawing upon specialized knowledge 
and skill in the mathematical, physical, and social sciences together 
with the principles and methods of engineering analysis and design, 
to specify, predict and evaluate the results to be obtained from such 
systems," 


Using this definition as a basis for this presentation, the main point of it can 

now be made which is that some of the major problems currently occurring 

in medium-sized business require re-examination within the framework of the 
industrial engineering function and that such re-examination will not only vindi- 
cate the apparent diversity of industrial engineering activity, but will substantiate 
the fact that certain management problems would be rendered easier for solu- 
tion if it were recognized that they had a common industrial engineering base 

and if they were analyzed accordingly. 


While it is readily conceded that such problems are not necessarily limited to 
those which will be listed below, this discussion shall be restricted to the 


following five problem areas: 


1. The need for Planning as a routine operational technique, 


There can be, fundamentally, a significant difference between a company 
that has a planning department as an adjunct to some line department (such 
as production or engineering) and lets it go at that, and a company that 
really plans, Of course, it is possible to have both, and perhaps this is 
as it should be, But some medium-sized businesses do not have a concept 
of basic planning that can permeate the organization and so problems arise 
that take too much management time, What is distressing is that some 

of these problems could be conveniently placed within the area of the 
industrial engineering function to obtain both analysis and recommendations 
for action, This would have the advantage of not only relieving an already 
over-burdened management, but also of delegating the problem to experts 
where a solution should be forthcoming, 


As an example, a certain plant found itself with increasing orders of not 
inconsiderable size, These increased orders were taken with a delivery 
date in mind that seemed perfectly possible at the time the orders were 
received, However, it soon became apparent that the elapsed time from 
receipt of order to final shipment was getting longer and longer and promised 
dates were being missed, The question was, what to do? The Production 
Department claimed that the Engineering Department took too long to get 
the necessary drawings and specifications to it and consequently the produc- 
tion side was in no position to meet "impossible" delivery dates, The 
Engineering Department claimed that the Sales Department frequently did 
not provide information soon enough to allow completion of the technical 
requirements in time to meet the delivery date set up by the Sales Depart- 
ment itself, Both departments, Engineering and Production, felt they were 
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being pushed beyond what could be expected of them and perhaps the logical 
approach from their point-of-view might have been to extend the delivery 
dates, But that was not possible because the Sales Department, while 
admitting its fair share of responsibility, was sensitive to the fact that 
competition, coming from bigger plants, required even faster deliveries 
than were currently occurring. Consequently, the realism of this situa- 
tion forced a focusing of attention toward the basis of the difficulty, Figure 
shows the result of considerable analysis employing established industrial 
engineering techniques. Note that the problem was not solvable by any 
department independently, It was (1) interdepartmental and (2) technical. 
Hence, the solution required both a knowledge of organization as well as 

a technical background with which to evaluate the various factors involved, 
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Upon receipt of the customer order, the Sales Department fills out the section 
bracketed by A, and forwards the Production Schedule sheet on to the Production 
Scheduler who assigns practical deadline dates for the receipt of the necessary 

field information (of line B) and posts these dates on line C. The Production Schedule 
sheet then goes to the Production Engineering Scheduler who has the responsibility 
of scheduling (1m cooperation with the departments involved) all items shown under 
“Schedule Dates (Through Engineering)’ D He signs the Schedule at E and returns it 
to the Production Scheduler who proceeds to make an analysis of the manufacturing 
problems to the extent of establishing « tentative scheduled shipment at F, This study 
includes « Production Analysis G which seeks to establish those critical items that 
will influence the delivery date. The Production Scheduler then signs the sheet at H 
and sends it to the Manufacturing Department for acceptance or rejection Should the 
Manufacturing Department refuse to accept these dates it can'carry its case” to the 
General Manager (a8 any other department that (inds « schedule unacceptable). No dete 
later than that given in ol ‘Customer Want Date’ box J is permisseble without its 
acceptance by the custome 


FIGURE | SCHEDULING JOB FROM RECEIPT OF 
SALES ORDER TO SHIPPING DATE 
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The importance here is not the specific solution but rather the technique 
employed, Here was the case of a smaller plant that had a serious problem 
and that had approached the problem ona sound, fact-finding basis that 

ied to the application of sound systems and procedures, A larger plant 
probably would have long since solved this complex interdepartmental 
problem, not because the large plant was inherently smarter, but because 
the resulting confusion due to bigness would have placed it in the position 
where it would have had no alternative, Ina smaller plant, however, such 
confusion might well have been regarded as ''something a small plant has 

to live with''’. As in this case, such a decision would not have been justified. 
As can be seen, all of the pertinent information was available, but it had 
not been correlated and focused to be of help to this smaller plant until 
some procedure-minded technician did the job, It was not a question of 
plant size, it was just a question of facing a problem -- in this case, a 
rather involved problem -- with the type of competent personnel who could 
do something about it. 


The need for Control as a dynamic philosophy within the organization, 


Here again it is possible to have departments that specialize in the accumu- 
lation of information for control purposes but, unless there is an under- 
girding philosophy of control, a vital something is missing, Essentially, 
this is an indictment of management that has not grasped the full implica- 
tion of the concept of Control and the need to organize for it effectively, 
Medium-sized plants are vulnerable in this regard, particularly where an 
owner-manager is very strong in one or two of the six major business 
segments -- which, for the purposes of this discussion are considered to 
be (1) merchandising (including market research), (2) engineering (including 
research and development), (3) general business (including finance, 
accounting, auditing, credit, and the like), (4) manufacturing (including 
procurement, etc.), and (5) human relations plus (6) organization -- but 

is relatively weak in the others, Since the company may not be large 
enough to require that each departmental function ''stand on its own" and, 
therefore, may not include personnel who can give such a top executive 
strong support in all of these other functions, and because he may not 
necessarily be a student of Organization per se, then attempts to compen- 
sate for the ramifications of top-level unbalance may prove most difficult, 
It actually can and often does result in further loading the top executive 
rather than in causing a re-examination of the company structure to see 


if something new could be added to take care of this problem, The purpose 
of this paper is to point out that the exploitation of the industrial engineer- 
ing function to ar optimum degree would possibly provide a satisfactory 


basis for analysis and solution of these types of problems, 


As a symptomatic example in this regard, it is possible to have rather 
elaborate cost systems yet not have the right information in the right 
place at the right time, Saying it another way, cost data can be historical 


rather than dynamic; they can be excellent for reference purposes but 
have no inherent ability to assist in the quick solution of firing-line 
production problems, Another example of the use of Control can be 
illustrated by going a bit farther in the development of the technique that 
can be applied to achieve the delivery dates required in Figure 1. Obviously 
such delivery dates cannot be obtained simply by a piece of paper, Instead 
a point must be stressed here that careful analysis of all phases of manu- 
facturing operations must be made and control must be established each 
step of the way to insure that a manufacturing schedule, once created,will 
be maintained, Again, this is done in most large plants as a routine ne- 
cessity, yet many smaller plants have not recognized that the control of 
production ona rather "'tight'' basis is nota luxury. Figure 2 shows the 
basic control mechanism of a smaller plant which can maintain very close 
schedule control. 
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FIGURE 2 ROUTING (OPERATIONS) SHEET 


As stated previously, this is not shown to illustrate the exact arrange- 
ment that should be used ina plant, but rather it highlights the simple 
type of operation sheet that can be employed to serve as a basis for 


coordination, planning and control, 


Operation sheets, of course, are 
not new, 


But many plants do not use them and many others are content 
to use just a part of a procedure that, if they went "all out'' for Control, 
would practically guarantee to keep them out of these major types of 
trouble, Routing sheets are no panacea in themselves but they point 


the way to the kind of planning and control that prevents schedule diffi- 
culties before they start. 


The question might be asked, how could this routing sheet be expedited 


to be sure that things were going as planned? One answer might be the 
arrangement as shown in Figure 2B, 
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Assuming the Operations Sheet (Figure 2) ts made in duplicate, the second copy can be 
Separated by operations 43 indicated above at A These “unprocessed tickets” are then 
dropped in box B from which they are distributed to their appropriate other Loxes Ty 
they require no additional tooling, they are plac ed in the box corresponding to their 


operation name (in this stlustration it ws “Horizontal Mill") and can be scheduled based 
on completion date D. 


Mf tooling 1s required, then the card will be placed in the “Tosling Required” bow Cc. The 
person responsible for tooling scheduling will process these cards in order of provrity 
established by completion date D. When the tooling is being worked on, the card will be 
in the "Tooling in Process"box E, and when ut 1 completed it will be placed on the 
“Tooling O.K." box and subsequently, in the correct “operation name bow. (in actual 
practice, a colored duphcate is immediately placed in the appropriate “operation name’ 
box for scheduling purposes while the reguiar card proceeds through the tooling 
program as described above This silows scheduling to be done while at the same time 
& that to 


»ling completion 1s required betore the specif 
y This tends to expedite the tooling The same procedure 
s employed.) 


FIGURE 2b SCHEDULE-LOADING BOARD 
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What is being stressed here is that the management of the operations 

side of smaller plants -- or larger ones, for that matter -- is substantially 
a matter of good systems and procedures, and that the creation of such 
systems and procedures lies within the scope of the industrial engineering 
function, 


An important point should be made here which is this: Every single item 
shown on the Routing Sheet of Figure 2 or 2B is nothing more than the 
simple recording of a decision, The total sheet is the result of a whole 
series of decisions: How the operations are to be performed,in what 
sequence, what kind of tooling is to be employed, what date each step of 
the operation is to be performed, etc, Now, whether the plant is run at 
the very maximum of efficiency -- using the very best techniques of 
Systems, Procedures, and Control -- or whether it is the sloppies plant 
in the area using no operation sheets or other controls at all, every single 
one of these items has to be decided upon, It is not a question of short- 
cutting the decisions, for they have to be made in either case, Obviously, 
the use of the Routing Sheet requires that some one competent to make ic 
will accomplish this task in advance of production, The nature of the 

form requires that consideration be given to those essentials that establish 
the minimum requirements for planning, and that this must be done in 
ample time ahead of actual operations to reduce the time pressure which, 
if the time element is ignored, usually leads to hasty decisions based on 
expedience rather than to decisions based on considered judgment, For 

in the poorly planned small plant, the best management talents are directed 


at getting out of trouble rather than staying out of it. ARouting Sheet is a 
technique for reversing this, 


Another answer might be in having a visual control such as is shown in 
Figure 3, This is a control both for delivery date and direct labor cost, 


It is difficult to make a major point of the importance of this without being 
sure that bench marks have been established, Viewing the manufacturing 
aspect of the plant solely, it performs its functions if it meets these two 
requirements; (1) it does work of acceptable quality on time, and (2) it 
does this work within the cost allowed, This goes for any plant of any 
size, Large plants establish rather elaborate controls to insure that these 
conditions will be met, A fact to be underscored here is that it would 

cost no more to install an adequate system for a smaller plant than it 


would cost to have no system atall. For no system at all is costly, so 
basic Control is not a luxury, 


The need for technical adequacy throughout the organization, 


This is an area whose importance can scarcely be overestimated, Yet, 
it can be observed that in many medium-sized or smaller industrial plants 
the significance of this is overlooked, No doubt, this is one of the problems 


== 


VAIVAL CONTROL CHART 


ag 2 14 20 21 22 33 2425 BIW 


| 


t 


~ 
ACTUAL LOCATION OF 
WOQH ON CAL LNOAP DATE 
| | 
\ 15.0 (135 | comacertosrem 
| PURCHASED COMPLETE 
| 
PURCHASED BAW MATERIAL 
STOCK /TEM 


The object of this Visual Controt Chart is to present the current ssiuanion of res. ooth regare 
|) actual status in relation to scheduled delivery and (2) ectual stetus in relation to estimated dirert labor cost 
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FIGURE 3 VISUAL CHART FOR CONTROL OF DELIVERY 
DATE AND DIRECT LABOR COST 


that confront any business; but in at least some of the larger plants there 
is an awareness that something must be done about it. 


It is no easy thing, this matter of a plant being technically adequate, To 
compound the problem, yesterday's adequacy is not sufficient for today's 
requirements; and we can anticipate that tomorrow's will be much more 
rigorous, 


As an example, some years ago a manufacturer created a product that was 
very saleable, In the inevitable course of things he saw where improvements 
could be made here and there and, because he was technically minded (the 
inventor type) and was close to the manufacturing situation, he personally 
added these improvements from time to time. He said he did not needa 
complete Engineering Department, feeling that all he wanted was ''someone 
make the drawings’ In those earlier days this arrangement worked 
Whatever changes came along were sketched out in the 
shop and were ‘i«sted by placing them in production units, Now this was 
a good product, the improvements were good improvements and, in the 
space of a very few years, the product had achieved an international 
reputation and the plant facilities had greatly expanded, So far so good, 
But the attrition that comes with time was taking its toll and soon the 
original customers began to order replacements for the product, Parts 


out pretty well. 
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that were supposed to be correct were sent out by the company but the 
customers wrote back to complain that they did not fit, That stumped 

the Order Department and in subsequent correspondence with the customers 
it appeared that there was little correlation with the old records (such as 
they were) of the parts when compared with what the customer claimed 

he had. So this owner had to round up those persons who were still present 
from the ''old days" in order to get suggestions as to what might be in the 
field units, In the resulting discussions it developed that any one of several 
possibilities existed, So the company was finally forced to write to the 
customers to explain that a drawing of the parts would be required if it was 
not convenient to send the original pieces themselves, Since some customers 
refused to shut down the equipment to provide either of these alternatives, 
it often became necessary for the company to send a man into the field to 
get the necessary information, As time went on the company was deluged 
by this sort of thing. This situation cost this company a lot of money and 
seriously affected dealer and customer relations, 


The lesson to be learned here is that at the inception of the manufacturer's 
entry into this business the Industrial Engineering total function was ignored 
while emphasis was placed essentially on sales and manufacturing, This 

is not an unusual occurrence, Many smaller plants are operating ina 
manner equally dangerous by ignoring the requirements of technical accuracy 
in pre-production as well as in production stages, Actually, some of these 
plants are in such bad shape in this regard that any large success might 
almost be their undoing, For they are selling to their customers the types 
of products that will require the replacement of parts, yet practically no 
provision is being made to correlate the design with identification media 

to record historically the transition of changes of design, or any number 

of other things that will have to be faced in the natural order of things. 

For example, they may be changing tools which make the parts and they 
may be making no provision to record the tool changes, Or they may be 
changing inspection equipment and are not providing the historical correla- 
tion needed always to control the quality of parts to rerun from old designs, 
They may be failing to record technical processes whereby components of 
the product are created, they may be neglecting the need for specifications 
to control either their own or subcontractors' products, they may be over- 
looking the need for such simple but vital things as blueprints controls. 
Likewise there may be no recognition of the necessity to provide adequate 
part numbers or to maintain adequate parts lists, The long look toward 
the ultimate requirement of Standards may not even be considered, 


Some of these problems have their amusing aspects, One medium-size 
manufacturing plant's Engineering Department had designed units that were 
right-hand and left-hand. For some reason it seemed important at the time 
to employ a part numbering system such that right-hand were even-numbered 
and left-hand were odd-numbered, Presumably, this semi-mneumonic 
system would be helpful. But as the product evolved, someone found a 


way to reduce costs appreciably by a redesign that used right-hand parts, 
some left-hand parts, and converted both into a new design that was inter- 
changeable, so far as right-hand and left-hand were concerned, Everyone 
was delighted until the attempt was made to reconcile the new situation 
with the old odd-even numbering system and all of the paper work that had 
been tailored to fit it. The result was a real headache for all concerned, 


Another firm started out a new line of products employing a part numbering 
system with four digits, For assemblies a suffix (-1) was used; if there 
were a revision to the assembly it became (-2), etc. However, as time 
went on this company added part numbers until there were five digits. So 
it was then possible to have both a 1234-5 anda 12345, Internally, this 
posed no difficulty but in the field customers frequently ordered replace- 
ments without regard to the suffix, This, therefore, became a serious 
and continuing problem to the Order Department, Note the decision to 

use that specific numbering system apparently did not take account of the 
Order Department-customer relationship, Here again is an illustration 
of the need for the employment of the industrial engineering function at the 
inception of such a technical program to be sure that all of the problems 
within the departments involved can be anticipated and evaluated, 


Technical adequacy is not just a matter of part numbers and bills of material, 
Like other major problem areas previously referred to, it is essentially a 
state of mind, And lack of it can drag down the overall organizational 
effectiveness, Broadly speaking, the important position the industrial 
engineering function can assume here is to assist management to achieve 

a realistic appraisal of the basic considerations involved so that appreciably 
better decisions can be made to the end that better inter-departmental 
relationships can result, 


No function within an organization is potentially better equipped than industrial 
engineering to analyze such important cost items, for example, as the 

quality of the engineering drawings in relation to shop performance; or 

the adequacy of parts lists or bills of material in relation to material 
procurement, stores, and receiving inspection; or the adequacy of specifi- 
cations and test data in relation to line inspection and quality control, In 
many medium size and smaller plants there is a very real need to close 

ranks on some of these knotty inter-departmental problems that frustrate 
management, The enlargement of the industrial engineering function can 
provide the positive steps toward the resolution of these difficulties, 


The need for continuing organizational planning, analysis and review, 


Lest this be considered far afield from the Industrial Engineering function 
I should like to refer to Peter F, Drucker in whose recent splendid book 
"The Practice of Management" we find this: 
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There is no substitute for leadership but management cannot 
create leaders, It can only create the conditions under which 
potential leadership qualities become effective, . . The supply 
of leadership is much too limited and unpredictable to be de- 
pended upon for the creation of the spirit the business enter- 
prise needs to be productive and to hold together. ... 


. « « TO talk of leadership as the unique key to spirit therefore 
only too often means neither action nor results, 


But practices, though humdrum, can always be practiced what- 
ever a man's aptitudes, personality or attitudes. They require 
no genius -- only application, They are things to do rather than 
to talk about, 


And the right practices should goa long way toward bringing 
out, recognizing and using whatever potential for leadership 
there is in the management group. . . J 


This is penetrating thinking of a high degree and is very pertinent to this 
discussion, If Drucker is to be taken at face value, he is saying that a 
company would be wiser to put its dependence on organizational strength 
through good practices rather than to seek such strength through good 
leadership. Note, too, that a supplemental dividend is implied here, 

one that is most important in these critical days of short supply in manage- 
ment: good practices not only strengthen organization but establish a 
strong positive organizational environment that will greatly effect the 
development of management leadership potential. The importance in 

these circumstances is that good practices are what accomplish the task 
and good practices are, ina very real sense, synonymous with an important 
section of the definition of the industrial engineering function given earlier 
in this presentation, This validates the importance of strong organization 
through good practices and substantiates the strong position that the 
Industrial Engineering function should take in organizational planning, 
analysis and review, 


The need for integration of human relations policies and operational practice, 


Going back to the definition of the industrial engineering function, it was 
stated to be ''concerned with. . . integrated systems of men, materials 
and equipment,.'' Clearly this places an emphasis on the relationship of 
systems and people. The obligation of the industrial engineer in this 


Peter F, Drucker, The Practice of Management, pp. 158-159. New York: 


Harper & Brothers Publishers, 1954, 
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situation is to ''integrate'' these, and integration by definition means to 
form a complete whole. So, in the final analysis, the industrial engineer 
has fulfilled less than his total function if he is content to consider his work 
complete when he has created the smooth procedure or even the right 
practice. His obligation goes beyond all this to the pivotal fact that 

human beings are involved and so he has to measure the success of 

his efforts not only in terms of technical effectiveness, but also in 

terms of another gauge whose calibrations are scribed by such terms 

as morale, motivations, empathy and the like. This is no mean task. 
Probably no other technician's professional function is as intimately 


tied to the individual and his relation to the work situation as is the 
industrial engineer's, 


This is no new problem, Frederick W. Taylor was aware of the need of 


integrating persons and systems when, in recounting his classic Pig-Iron 
Experiment, he stated: 


Once we were sure that forty-seven tons was the proper 
day's work for a first-class pig-iron handler the task which 
faced us as managers under the modern scientific plan was 
clearly before us, It was our duty to see that the 80, 000 
tons of pig-iron were loaded on the cars ata rate of forty- 
seven tons per man per day instead of the twelve and a half 
tons, at which rate the work was then being done, And it 
was our further duty to see that this work was done without 
bringing on a strike among the men, and to see that the men 
were happier and better contented when loading at the new 
rate of forty-seven tons than they were when loading at the 
old rate of twelve and a half tons, * 


This integration remains a problem, not because it has been ignored, but 
because it is of such tremendous scope that we have just begun to appreciate 
its vastness as well as its complexity and because we are just beginning to 
create the tools with which to cope with it, The significance to this discus- 
sion of the so-called Hawthorne Experiments is that they began as essentially 
research in the field of industrial engineering as it was then established but 
developed, as the researchers themselves reported, "in an unexpected 
fashion". As one of them stated: 


This statement -- the worker is a social animal and should 
be treated as such -- is simple, but the systematic and 
consistent practice of this point of view is not. If it were 
systematically practiced, it would revolutionize present-day 


2. Frederick W. Taylor, The Principles of Scientific Management, pp. 42-43, 


New York-London: Harper & Brothers Publishers, 1911, 
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personnel work, Our technological developments in the past 
hundred years have been tremendous, Our methods of handl- 
ing people are still archaic, If this civilization is to survive, 
we must obtain a new understanding of human motivation and 
behavior in business organizations -- an understanding which 
can be simply but effectively practiced. 3 


There is this business of good practice again! Is not the industrial engineer 
in the best position to accept this challenge and to assist management to 
organize for effective action along the lines spelled out by the same re- 
porter as follows: 


To preserve the social values existing in the cooperative 
system, the administrator needs skills of diagnosing human 
situations, To expect him to exercise effective control, to 
maintain authority, to obtain loyalty and confidence without 
such skills is to ask him to stay in a horse-and-buggy stage 
with regard to this aspect of his job when the remainder of 
it has long since become streamlined, It is our contention 
that these skills no longer need to remain intuitive and personal, 
They can be clearly formulated and applied, The introduc- 
tion of these skills in our modern business organizations is 
the challenge of our times, 


Indeed, the integration of human relations policies and industrial operational 
practices is a fundamental problem of our times and the industrial engineer- 
ing function is potentially in a better position to apply the skills that can 
solve this than any others, However, potential ability and preferred posi- 
tion are not enough. To do the job that has to be done the industrial 
engineer must have these skills personally, They must be nota part 

of his kit of tools, but rather must be a part of him, Nothing less will 

do the job, 


My personal opinion is that the medium-sized and small plants have basic 
advantages over large plants in the field of human relations but this is just 
a theoretical advantage if positive action is not taken to assure that they 
are realized, The full utilization of the industrial engineering function 
along the lines suggested above should go a long way toward effecting this 
realization, 


F, J. Roethlisberger, Management and Morale, pp, 25-26, Cambridge, 
Mass.: Harvard University Press, 1946, 


Ibid., pp. 192-193, 


Summarizing, I believe the Management of medium-size business would be well 
advised to do these specific things: 


1, Analyze, in the light of the definition of the industrial engineering function, 
the major problems being faced to determine those that are encompassed 
within the framework of this definition, 


2. Segregate those that can be considered within this industrial engineer- 
ing function and re-examine them with a view toward consolidation, 


3. Re-evaluate the personnel situation within the enterprise to verify that 
adequately trained and personally motivated persons are available to 
successfully cope with these problems; and, of course, if such persons 
are not available, to establish a plan of action to obtain them. 


4. Plan,ona long range basis, the complete integration of the industrial 
engineering function ina staff relation to management, 


If the restrictions of tradition were not excessively binding, this new-look approach 
conceivably could result in such unorthodox procedures as having the cost- 
accumulation functions reporting through production control (which is to say that 
the entire cost system would be primarily tailored to fit the needs of production 
rather than the requirements of the monthly income statement); or the strength- 
ening of the systems and procedures functions by their integration into the broader 
industrial engineering function so that even the activities with such technical 
departments as design or production engineering would be correlated into the 


total plan; or. any number of other creative, imaginative, dynamic new approaches 
to old situations, 


There is a lot being said these days regarding the problem of Coordination which 
is, by all odds, the supreme problem of Organization; and also the problem of 
Communication which is the means of accomplishing Coordination, At this 
critical time in the evolution of dynamic administration, it would be well for 
business generally to embrace the industrial engineering function which, probably 
more than any other, has the potential to directly come to grips successfully 

with many of the technical and quasi-technical procedural problems -- both on 
the plant firing line and in the office -- that are so intimately associated with 
Coordination and which so desperately require solution, May I respectfully 
suggest that Industrial Engineers would do well to reflect upon the implied 


challenge herein, It may indeed be the field of their greatest opportunity for 
greatest service, 


VIBRATION, SHOCK AND NOISE CONTROL 
FOR PRODUCTION EQUIPMENT 


by 
Donald H. Vance 
Vice-President and Executive Engineer, 
The Korfund Company, Inc., Long Island City, N. Y. 


As machinery speeds are increased, as working tolerances become more 
rigid, and as the electronic controls for machinery become more and more 
sensitive, the seed for effective vibration and shock control becomes 
greater and greater. 


There was a time, however, when we thought only of vibration isolation. 
Today there are mary other remifications of machinery mounting. The 
following are typical benefits which can be obtained with properly 
designed machinery mountings: 


i. IMPROVED PLANT ARRANGEMENT: The use of proper machinery mount- 
ings facilitates better plant integration with the straight-line work 
flow method of materials handling. For example, instead of "hiding" 
impact machinery, such as forging hammers and punch presses in a separate 
part of a building, and then transporting the materials from them to the 
precision finishing machines such as grinders and boring machines, the 
impact and precision machines can now be located side-by side provided 
either or both of them are installed on properly designed machinery 
mountings. Such mountings often also permit installation of impact and 
precision machines on weak upper floors where their use would otherwise 
be impossible. A typical example of improved plant arrangement is 
<iiustrated in Figure #1. 


2. MACHINERY MOBSrLITY: In these days of rapidly changing produc- 
tiow. Linea, fast installation and rearrangeme::t of machinery is of great 
importance to many manufacturers. Proper machinery mouritings, in most 
cases, eliminate the need for bolting machines to the floor and ofter 
pay for themseives immediately by reducing initial installation costs. 
In mamy cases, they eliminate heavy concrete foundations which would 
otherwise be required under the machines. Consequently, most machires 
wher. properly mounted can be picked up and moved to a new location by 
meay si of a fork lift-truck and can be back in operation within a matter 
of minutes. See Figure #2. Another benefit provided by many machinery 
mou.tings is built-in leveling screws which eliminate the reed for shims 
and provide a much faster method for leveling the equipment. 


4. INCREASED SPEEDS AND PRODUCTION: Many machines, such as high- 
speed punch presses, cannot be operated at their maximum speeds and out- 
put because the shock transmission to the buiiding and surrounding 
precision equipment becomes excessive. By absorbing this shock, machinery 
mountings often permit greatly increased speeds and production. See 
Figure #3. 
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4. REDUCED MACHINERY DOWN TIME: Vibration and shock from one 
machine may make it impossible to operate other nearby machines, or 
may so greatly increase the wear on precision machines that time 
lost for maintenance interfers with production. Proper machinery 
mountings in some cases have more than tripled the life of bearings 
on precision boring machines, increased bearing life on punch presses, 
and greatly increased rod life on steam drop hammers, as typical 
examples. One such installation is illustrated in Figure #}. 


5. VIBRATION AND SHOCK CONTROL: Where the problem is solely 
that of preventing objectionable vibration or shock transmission from 
an offending machine, this can be accomplished with properly designed 
machinery mountings. For example, the shock absorption provided by 
the spring-isolated hammer foundations shown in Figure #1 is so effec- 
tive that a dime will remain balanced on edge right beside the 
foundation as maximum die-to-die blows are struck! It is impossible 
to feel any shock transmission to the floor from punch presses mounted 
on spring Isolators such as those shown in Figure #3. If it is imprac- 
tical to resiliently mount the disturbing equipment, as in the case of 
shock and vibration created by railroad trains and passing trucks, then 
resilient mountings for precision machines will protect them against 
these disturbances. 


6. REDUCED REJECTS: A startling number of rejects are not the 
fault of the operator or the machine. Rather, it is vibration -- from 
other machinery, from passing fork trucks, and from many other outside 
sources -- which is the culprit. When precision machines are installed 
on weak upper floors which deflect as loaded trucks go by, the deflection 
leaves the machine unsupported, as illustrated in Figure 3. This 
results in distortions and inaccuracy in the work. Properly designed 
resilient machinery mountings can completely prevent these difficulties. 


7. REDUCED NOISE, INCREASED EMPLOYEE EFFICIENCY: Excessive vibra- 
tion and noise have a very decided influence on the nervous system and 
contribute materially to mental and physical fatigue, often resulting in 
loss of production because of accidents and employee absentism. The 
very serious problem of occupational hearing loss is emphasized by the 
fact that millions of dollars in claims are now pending against companies, 
and the awards already made to employees run into the hundreds of 
thousands of dollars. In some cases, vibration and shock control for 
machinery provides virtually a complete solution to the problem of trans- 
mitted noise. However, in most cases machinery mountings provide a very 
helpful part in the overall treatment required in a successful noise 
reduction program, as explained later in this paper. 


All of the above benefits will be explained in greater detail and illus- 
trated in the following pages. However, it is first desirable to consider 
the basic theory of vibration and shock control, and the different types 
of vibration and shock mountings. 
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THEORY OF VIBRATION CONTROL 


A very simple equation applies to determining the transmission of steady- 
state vibration, the constantly repeating sinusoidal wave form of vibration 
generated by such equipment as compressors, engines, pumps) hammermills, 
centrifuges, and vibrating screens: 


Transmissibility, T, = 


1 (1)** 


where f, = frequency of disturbing vibration, cycles per minute (cpm) 
f, = natural frequency of the resiliently mounted system, cpm 
fa = unbalances force acting on the resiliently supported system 


fy, = force transmitted through the resilient mountings 


100 4/7 (2) 


where d = static deflection of the resilient mounting in inches 
W- 
(3) 
k 


where W weight on the mounting 


k stiffness factor of the mounting in lbs/in. of deflection. 


**This equation is exact for steel springs because they have straight- 
line load deflection characteristics and negligible damping. When the 
equation is used for organic materials, the following corrections will 
normally give conservative results: For rubber and neoprene, use 50 
percent of the static deflection when calculating fn. For cork, use fn 
equal to one and one-half times the natural frequency determined by 
actual test. 
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4f carelisss selostion of the mount rosvlts in rountine natural 
frequency equal, or nearly equal, to the disturbing freq PACUENCY> 
very serious condition called %ecurs: in equation 
the denominator of the transmisalbicity funetion becomes sero 

and the transmitted force Ft, theoraticall vy becomes infinitee As 
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reduce ths transmitted forcae Table I fiver some evesested maximum 
desior transmissibilities for different types of fob comlitionse 

Figure 6 shows a chart which can be used to select the proper resilient 
mountings when the following Job characteristics are known: weight per 
mounting, disturbing frequency, and design transmissibility. ‘the chart 
shows the linitations of the various types of iselation matorials, 
particularly helpful data in selecting the proper redide 


SHOCK ABSORPTION FOR IMPACT MAGHTINGS 


shock absorbing: mountines are not selected on the basis of the data 
and aquations shown abewee In shock absorptden, the mountin«s change 
the suddon damaging impact to a smaller, erzduaily applied forcae In 
shock mountings, the natural frequency of the mountings is actually 
greater than the neat: fraquerty, or strokes per minute, of the 
bsorpiton is cbtained by keer th 
inpact machines. Maximm shock: a! ton is obtained by keeping the 
mounting as soft as possible (fn as low a2 possible, but not less than 
fad because resonance must be avoided). Fieure 7 tliustrates that 
the more resilient mountines, providine more static deflection, result 
in amaller forces transmitted throuchn the mountinese Since resonance 
must be avoided in sock absorption ton, the caleylator in Figure 6 
containe a line marke? "For Shock Absorption Stay Above This Linee" 


In addition to the loud noise proiucsd when the dies strike the work, 
inpact machinge such as punch presses, drop hammers, forging hammers, 
and similer machines algo create noise cenerated by the transient 
high-frequency vibration of the press parts induced by the initial 
shocke A secomiary noise source results fron flom and wall panels 
vibrating as diaphragas when set in motion by the initial shocke 
Structural transmission of the intti ai shock with accompanying noise, 
ami generation of the seconlary noise can be eliminated through the 
use of resilient mountings under there impact machines (see Ticure 


TYPES O VIGPATION AD SHOCK 


Cork was the original vibration and noise isolaiion material ani has 
been used for this purpose for at least a hundred yearss The most 
Widely used form cf cork today is compressed cork made of pure ¢ramulos 
of cork without any foraifon comprassad end caked pressure 
with accurately controlled density. Cork can be used dirsetly uner 


\ 


widest enplicatiom jo corcrete fovrations 
(ome Tt is not affeeted tyr normally encountere:. 
batveen PF and 200° T, but is attacked by strong 
eutions and will ret urier evcles of noletenine 
ac arpingse Gerke undar comsrete foundatiors stil) civing coed sarrice 
yaars intisates long. useful Lift shen properly applied 
Sorte fairly poo ec low-frequemy out 758 use an 
minute Cork has oe Because of 
Son larga amount of ping in cork, thn Sraqueney cannct be 
comoy ad the daMcction and must bo deternined in testa 
oy vibrating the cork uxer different Leads Tint the resorance 
Crequenar, whieh eatablishes the natur2? frequemy of the material. Tha 
values for cork piven in Figure 6 wors in 


“yobar has very cood sound-insulation is fairly good 
For sherk absorption, erd is useful as vibration Yor 
for frequencies above 1200 Typies? rubber mountings and combina- 
Gion vubbsr and ec ork mountings are dllustrated in Figure 10. Rybber is 
net affected by acids or alkalis, but is net rmavnndied for use in the 
presence of gunlighte Ths temperature range of natural, rubber is SO to 
250 that of necprene, © to 2000 F. Neoprens mibber is reseunonied 
plics*tona whare there ie continuous oll. Special 
are arttigble to mect comit*ions bayond those cited. 
Rubier ‘ewig te lose ite resiliency as Tie useful life of 
rubtwy meuntings is ebout seven years under abew', five 
years uncer impact applications, though it retains 14s insuiation 
"alua for much longer. Individual moldede-rubber nountings are generally 
econce inal oniy with the Light tnd sedtumeveigh’. machines, simte She 
thy meuntines approach the cost of the mere afficient steel 
apring isoiatergs Padetype rubber izolestion has no such Limitations. 


Stes. spring iselatores provide the moat efficient methed of isolating 
am sheck, approaching 160-percent effectivencsse The hisher 
efPies omy is due to the greater deflections which thor prevrides 

stam ard epring isolators auch an thoes shewr ir Fisure provide 
def.ections up te 14 dno to adout 4 ine for rubber and 
other vials, while epecial steel auring lesieteces con give deflection 
up t6 10 ine Since the performansa of star}. fellows very cinsely 


vibration centre, performance can be very 


accurately predetermined, iminat ing costly trial ami error which is 


with adjustable smubbers., sims sie¢. anes, ther 

ss contain ae damping. (Damping is sometimes fal in Limiting 

of veaiilently mounted machines, darpine reduces the 
ictency of the méeuntinge } Mest steal Leolatora ast 

qvippac mulltein Laveling belts, whieh “mtn Ane nead for shir? 


when installiny machinery. The more rugesd construction possible in 
steel spring isolators provides for a long life usually equal to that 
of the machine itself. Since high-frequency noises sometimes tend to 
by-pass steel springs, rubber sound-isolation pads ara usually used 
under spring isolators to stop such transmission inte the floor on 
critical installationse 


Table II tabulates the useful renpe of corksrubber, and stosl springs 
for different equipment speeds. 


DIRECT MOUNTING VS. CONCRETE FOUNDATIONS: Most machines can be 

mounted directly on the vibration or shock mountree In fact, their use 
frequently eliminates the need for heavy foundations under nachinerye 
However, equipment should be mounted on a fcundation supported in turn 

by the isolation rather than directly on the iaclation, when the founde- 
tion is to serve one or more of the followine purposes: (1) reduce 
movement. of equipment subjected to impre* energy, such as drop hammers, 
forging hemmers, foundry jolters; (2) reduce oszillation of equipment 
subjected to periodic forces and momants, such 42 low-speed diesel 
engines, horizontal compressors, laundry extractors; 3). roduce tilting 
of equipment where heavy parts of tie machine are moved, such as roll 
grinders and large surface crinderss (lL) prevent distortion and misalignme 
of equipment made up of several parts, or with beds not rigid enough to t 
supported directly on mountings, such as largo inthes, large shears, and 
some large engine penerator sets (in some cases, a structural steel base 
can be used instead of concrete foundation for this purpose): (5) increase 
mass and stability for delicate equipment and instruments, such as optical 
comparators and micro=balancese The foundation in itself does not reduce 
the amount of vibration transmitted through the isolatione The increased 
mass simply limits the amount of movement, which might otherwise be 
objectionable to the machines operator or cause excessive vibration trans- 
mission through semi-resilient connections, euch as piping, between the 
machine and buildinge The piping should be cexsidered analagous to a 
cantilever beam where the force is proportional to the movement. By 
reducing the movement of the equipment and piping through the use of a 
concrete foundation, the force transmitted through the piping is alse 
reducéde 


PRACTICAL APPLICATIONS 


ee Eq yi peents Most high-speed engines (over 900 rpm) of 

a Us cylinder types, ani mest pumps and refrigerating 
and air compressors operating at speeds above 1:50 rpa can be supported 
directly on isolation mountings without a concrete foundation with an 
arrangement similar to that shown in Figure #12. However, the unbalance 
in high-speed 1, 2, 3 ard cylinder engines will reslt in considerable 
movement of the equipment, and ali piping and wiring should be flexible. 
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Byven reciprocating machines, such as vibratince screens, can be 
supported directly on the Isolators as shown in Figure #13, andi the 
use of mountings generally permits installation of this equipment 
high in the building without foumlations or structural reinforcement, 
resulting in substantial sconomies due to gravity flow of the 
materials down through these processing plantée 


Kowaver, certain types of reciprocating machines do require concrete 
Toundationge This particularly is true of large, slow=-speed engine 
penerators which require foundations both for rigidity and to reduce 
the amount of movement otherwise created by the large forces and 
coupless Knowing the magnitude of the unbalance in the equipment, it 
is possible te calculste the foumiation mass required to limit the 
movenent to any required amount. Large engine foundations often weigh 
three times as much as the equipment; in large horizontal compressors 
and vecuum pumps, such as shown in Figure #14, the unbalance is often 
so preat that the foundations must weigh as much as six times the 
equipment weirht. On mltiecylinder air and refrigerating compressors 
driven by motors of more than 75 hp, it is genorally found that the 
unbalance in these machines is great enough to warrant the use of a 
foundation wei¢ht approximately equal to that of the equipment in 
order to Limit the movement. of the pipinge 


Since mest machines of the reciprocating type opsrate at speeds below 
1200 rom, with a few running up to 1800 rpm, it can be seen from Table 

TT that in most cases steel spring Isolators are required for the 

highest fsolation efficiency. The larger deflections and lower natural 
frequencies obtainable with spring Isolators permit isolation of un- 
balance occurring at rom of the equipment, as well as the higher harmonics 
Rubber mountin)s have a limited application for non-critical installations 
under the above equipment when opsratin; at speeds above 1200 rome Cork 
has such a high natural frequency tiat 1t will seldom isolate primary 
unbalance, and its uss is limited under such equipment t massive machinery 
foundations in non-critical areas where the cork isolates only the higher 
harmonics and prevents noise tranemissione In non-critical locations, 
cork is used as a shock-absorbing material on horizontal compressors and 
vacuum punps as shown in Figure #15. 


Rotating Equipment: Retating machinery, such as centrifugal compressors, 
turbines, exhaustors, blowers and electric motors, is generally 
better balanced statically and dynamically than reciprocating machinese 
CLher rotating machines, such as mills, pulverizers, centrifuges, 
crushers am) similar equipment are fairly well balanced when new, but 
rather quickly become unbelarced in the field due to thea, yugped service 
which causes wear, ami due to accumulations of the processed material 

on the rotatine partse The first croup of high-speed machines mentioned 
above can often be effectively isolated with rubber or cork, though in 


ften ‘ustified 
machines fre= 

structures 
cal jocations 


critical installations the use of springs is stil 
since the high frequency vibration eenerated by % 
qQuently is in resonance po of he puil 
requiring transmissibilitiss of 1 

prevent trouble. 


The second group of slower speed rotating machines remerates far more 
vibration because of the materials they harndlo, and the much hirher 
efficiency and Longer life of sorin Teel laters generally is warrarted 
on such installations, particularly when the machines are installed 
on uprer floors, 


Concrete foundations ere seldom required under either tyne of these 
rotating machines to limit the mevement, but they are sometimes used, 
as in the case of certrifural refrigeration machines, to provide a 
rigid support. for both the equimment and the driving motor. Typical 
installations of both types are shown in Figures #16 aml #17- 


Impact Machinery? Impact machinery ren@rates shock which in itself is 
damaging out which ales imiuces brensient vibration of the impact 
machine, the buildin: floor and other equipment, each at its own 

nstural frequency which is sient very high and damecinge These transe 
jent vibrations are of particular interest in the shock mounting of 
sensitive equipment to protect it arainst shock from outside sources, as 
explained later, The initial shock produced by impact machines is also 
of ~reat importance because of the artual physica! damare whieh it causes 
to buildings anc machinery. absorption for impact machines is 
simrly a matter of sicwing down the rate of energy dslivery tc th 
structure from the impact machine. A shock mount chances an impulsive 
siock to a rradualiy applied fore*, and ne time of arplication is 
made Lone enough, the sheck can ned felt nor produce damaging 

4 ’ 


accelerations in the structure ard other mechinery» This principle 
can be demonstrated by droprinr « small cloth led with buckshot 
dom the inside of @ euiding tube until it Lands & Licht bulb which 
will break pape of the auidan delivery of energy. This energy is 
equal to the weieht times the heicht from which 44 is drorreds If the 
Cloth gack is orened arei the Suchshet are poured slowly from the same 
height and fall a few at a time on the Light bulb, the amount of energy 
delivered is the same, but Lie Lieb? bulb will not break because the 
energy is deliversd over a och crester peried ef time, which is the 
rrinciple utilized in shock mountiness 


Shock mountings for hammers, ounch presses, drop test. machines and 
similar equipment dissipate the wees Geum % energy (after the blow 
energy has been delivered 4o the work in @ properly designed system) 
by the movement of the equipment on the shock mountinese The more 
resilient the shock mountines, the less force transmitted to the sube 
structure as iliustreted in 


_ 


vost presses, including even the largest automotive body presses, can 
be nounted divectly on isolation materials as shown in Figure #3. For 
the highest efficiency, steel springs are used, with rubber mountings 
amd pads cotisfaetor for less erittcal ‘installations, except that the 
shock by presses over about ton capacity is cenerally 

sufficient to warrant the use of spring Isolators. On very high crank 
type presses with a narrow spacing between the front and back legs of 
the pr6ésa, it is sometimes necessary to use & structural steel base to 
spread ovt the mountiocs in order to prevent rocking cof the presse 


Pigure #1 illustrates the springeisolated tyne cf concrete foundation 
for hammers first introduced by the Kerfund Company sbout 1937e This 
meihad of shock absorption has been extremely succousfule Well over 
S00 harmers of all types ranging: up te 25,000 capacity steam drop 
hammers are tnatalied in this manner a)1 over the worlde Use of such 
fourniatiens frequently makes it possible to hammers on poor 
soil without the pilins which would otherwise be requirede 


Our latest vesearch in the field of shock absorption for hammers is 
along the lanes of eliminating the concrete foundations entirely on 
at, least the amaller pravity drop hammera. A typics] installation of 


this type is shown in Firure 1%. 


Machine Tools: Machine tools fall into two cateporiea ~- these which 
Create vibratcn and those which are adversely affected Ly vibration 
from outside sources. For example, & shaper or milling machine 
generates vibration due to the setion of the eutterse Precision 
grinders and boring machines are examples of equipment adversely 
affacted by exterial wibraticn. Some machine toole fall into both 
classificationss a lathe or grinder may serious vibration 
then taking rourh cute tut will then be adversely affected by external 
vibration when taking fins finishing cuts. Fortunstely, the sane 
mountings which stop transmission of the objectionable vibration from 
the machine during rough cuts will prevent transmission of external 
vibration into ths machine when 14 is takin: finishin 


Figure #19 illustrates typical trestewn? of a tool yeneratirs 


vibration. Unless the machine fa on an upper Slcor in a very cubic’ 
J lequete. Thousands of 


leerntion, rubber mountings are zeneral 
machine tools are being installed teday on mountings such aa thor/ 
shown in #16 (5) ari (F) where there fitle or no pre, om 


of vibration transriasion diate or from the machine. ‘The mater, 48 
are being used to simply eliminate the need for bolting the r,/-hines 
down or to provide for quick levelinge The result is greate’ flexte 
bility of plant layout, equipment mobility and greatly rod/ ed equipment 
installation time ard cogte 
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On the cther hand, with the constantly increasing emphasis on closer 
tolerances an? better finishes, the need to protect precision machines 
avainst oxternal vibration has greatly increased. Wwe refer to this as 


"nerative Lsolation." When sensitive equipment is being mounted to 
protect it againsi vibration __ soma definitely known piece or rotating 
or reciprocating machinery of the types cited previously, then the mounte 
ing for the ecrecision machine ts desicned to isolate the lowest dise 
turbin; frequency cenerated by the disturbing machinge 


In many cases, the problem is to protect preciaic on machines against 

shock and the random type of vibration created by passing trucks and 
trainse In such cases, shock from the Uapact nae hine appears as a 

shock in the sensitive equipment, plus hich frequency transient vibra- 
tion of the floor and machine tool parts at their own natural frequanciese 
This is illustrated in Figura #20. Since the floor ami machine parts 
vibrate at very high frequencies and since the magnitude of the accelsra- 
tion resulting from this vibration is proportional to the square of the 
frequencies, the accelerations can be quits substantial and are responsible 
for skips, coures and other inaccuracy in the work of precision machines 
which are not protected against external impacte 


When the sensitive equipment is mounted on resi Lient mountings (preferably 
sprines) the inittal shock in tne floor simply causes a gradual displacee- 
ment, of the equirment which then coes into t vansient vibration at the low 
natural frequency ef the mount in Se This frequency is so low that th 
accelerations produced are so small that the squid pment is completely un» 
affected. At the same time, the mountin aystem is providinye vibration 
isolation to protect the sentitive oquipent arainst the high frequency 
transient vibration set up in the foo: r by tha inittal shock Lllustrated 
in the middie curve of #206 

This effect can be denonstrated by fastening a Licht bulb secket to the 
end of a steel rod clamped at the othe Ae im & form a cantie 
lever bean which vi brate Like a read if displaced an then released. 
If the cantilevered rod is short, the nati oa? frequency will be very 


Vise to 


high, simulating the vibration cf component perts of the non-isol: ited 
machine tocl subiectead to transient ribration following an initial 


shock. The high frequency vibration produces Large ee ons in tha 


lamp filament which quickly burns cute fowever, if the cantilevered rod 
is made much longer, the natural frequency of oscillation is very low and 
the correspemlin: aea@lerations are reduced so oreatly that the lamp bulb 


will osciliate back and forth indefinitely without brea king and burning 
out the filamente This latter condition is analagous to the resiliently 
mounted machine tool osctllatin, at a much lower natural frequency as 
shown in the lower graph of Figura #20. The fact that the sama domonstra- 
tion can be accomplished by mounting 4 microswiteh at the ond of the rod 
which will rapidly open ami close the ‘ehiateiont etreult when subjected to 
hich frequency vibrations inlicates why many companies have difficulties 
with their olectrical controls on machinery which is subjected to severe 
vibration shotke 


| 


Lostrate Pane precision machines tan be 


Figures #21 ard #22 111 
lie: . supports to protect them against such 


mounted directly on rest 
vibration and shocke 


Figure #22 shows why gsteol spring mountings under precision machines 
installed on weak upper floers often permit installations which would 
otherwise be impossible. When a machines tocol is installed without 
resilient mountings on a weak upper floor which deflects as loads are 
placed nearby on the floor or as a loaded truck passes by, the floor 
deflects, leaving the machine tool bed completely unsupported as showne 
This seta up atrains and distortions of the bed which frequently result 
in rejects on precision worke On the other hand, vhen the machine tool 
is mounted on steel spring Isolators, ag the floor deflects, the springs 
imply lengthen to compensate for the floor deflection and still provide 
substantially undiminished support for the machine at these pointse 


Laboratory and Other Delicate Equipments Optical comparators, rear 
ckers, comparators, electronic control panels 
and many other types of equipment can be protected against external 
vibration in the same manner outlined for machine tools. Steel spring 
faelators would be used for th 6 highest efficiency with rubber or cork 
mountings satisfactory for fairly non-critical installations. 


Conmrete Foumlations in Negative Isolation: Most machine tools can 
mounted (iiréctiy on the Lion mountines without any concrete 
foundatzons This is also trus of many of the moro sensitive types of 
equipment, such as electron microscopes, which have a creat deal cf 
mass due to their weichte lovever, gomo machines require concrete 
for struc rigidits y (auch as roll crinders and long 
lathesje Tesilientiy mounted founlations are alac vecormended for 
Lis htweight ts highly sensitive equiprent (such aa Laboratory balances) 
for two purpogesz {1) to provide stability te ightwed equipment, 
perticuleriy where operators must exert. forces on ii while using the 
equipment, and (2) to danp out any small amount of residual vibration 
which may get through the Isceiatorge Typical installations of this 
Lyfe are illustrated in Figures and £256 


NOISE REDUCT IGN Machinery mountings in som: cesss provide virtually 
& complete solution to the oroblem of tranamitted noise, particularly 
2 the floor vel Low the machinery, and, to # lesser degree, to the rooms 
a ijoining the machinery room, or if the problem involves vibration and 

moise transmission from pips linese Hawever, in most cases, vibration 
afd ghock contro?) for the equinmant ig not a completa solution, put is 
Only @ part of the overall treatment required in @ successful noise 
reduction prorrams For example, resilient machinery nountings are often 
used in conjunction with acoustical baffles, souri hoois, acoustical 
treatment of walla, etc. to produce the desired raduction in noise levels. 
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£6 shows how re ral noise 
one installation 3 jal puri 3 eg 
located on an upper fi ; t f re mountinces 
reduced the noise level wit f om itself by a cimaté 
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Table I—Maximum Allowable Design Transmissibilities 


In quiet surroundings, on upper floors, 
and in similar areas, more effective iso- 
lation is required. Installations near 
column footings or load-bearing walls 
may transmit vibrations up into floors 
above. Below are given the general 
ranges of allowable vibration trans- 
missibilities for different job condi- 
tions. 


(a) Extremely Critical Conditions: 
Large heavy machinery in penthouses, 
directly over offices, libraries, hospital 
rooms, on resilient mezzanines, etc.— 
maximum tolerable transmissibility, 
10°. 


(b) Critical Conditions: All upper floor 
installations, except the extremely crit- 
ical ones above. Also some ground-floor 


installations near quiet areas in hos- 
pitals, broadcasting studios, libraries, 
etc. The bulk of installations requir- 
ing steel spring isolators fall into this 
category—maximum tolerable transmis- 
sibility, between 10% and 20%. 


(c) Non-Critical Conditions: Installa- 
tions in basements, on ground floors 
(except as above), in industrial areas 
where some vibration transmission can 
be tolerated because of greater build- 
ing or ground mass to absorb it, 
greater ambient noise level, and dis- 
tance from any critical areas. This is 
typical of the range generally covered 
by rubber and/or cork—maximum tol- 
erable transmissibility, between 40% 
and 60%. 


Table 11—The Relative Effectiveness of Steel Springs, Rubber, and 
Cork in the Various Speed Ranges. 


Range rpm Springs Rubber Cork 

Low Up to 1200 Required Not recommended Unsuitable except 
except for shock * for shock * 

Medium 1200-1800 Excellent Fair Not recommended 

High Over 1800 Excellent for Good Fair to good 


critical jobs 


* For non-critical installations only; otherwise, springs are recommended. 
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roundetion for steam drop hammer, TInsalotors 
hammer and permit installation of 
ine work flow. 
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FIGURE #2. Machinery mountings elim!nate 


and permit quick 


lageing machines to floor, speed up installat! on, 
rangements of machinery. 


ee #1. Cutaway view shows spring suspended 
( 
| 
| | 
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press installation on spring Isolators which eliminated bolting to floor, permitted 


FIGURE #3. Typical punch 
st press re-srrangement for mew production schedules and made it possible to greatly increase the press speeds 
r greater production by eliminating shock transmission to neighboring buildings. 


Ta 
fo 


IGURE #h. ne of tw recisio ring machines installed side-by-side on a weak upper 
from one machi caused int h One machine had to be kept idle 


were mounted on the spri: 
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Eee < lsoletcrs 1s shown. Now they operate together and turn out perfect w re. i : 


TRANSMITTED FORCE 
DISTURBING FORCE 


TRANSMISSIBILITY, T= = 


Fig. 5 Transmissibility vs frequency ratio. This curve 
applies to steel spring isolators and to other materials 
with very little damping, which increases the transmis- 


correction for damping in organic materials. 


| THEORETICAL CURVE The t0 gives on app 
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_ 100 
% TRANSMISSIBILITY = 


TRANSMITTING EFFECT 
WITHOUT ISOLATION 


5.00 


DISTURBING FREQUENCY 


MOUNTING NATURAL FREQUENCY 


FIGURE 6 


noturol frequency ond spring deflection are required to flection and natural frequency ore obtained with o 300 Ib 
isolote o disturbing frequency of 600 CPM with o trons- lood on o spring whose constont is 280 Ibs. per inch? 
missibility of 10%? Answer: Vertical line from 280 on K scale intersects 300 Ibs 


FOR 


THE KORFUND CO.,INC. 


A intersects fy scale ot 180 CPM ond & scale ot 1.1” cpm. 
tein TRANSMISSIBILITY — Whot is the tronsmissibility of a system 
SPRING CONSTANT — Whot spring constant is required to having o natural frequency of 180 CPM and being dis 
give o deflection of 1.1” for a toad of 300 ibs? turbed by vibrotions of 600 CPM frequency? 


scale intersects of A on 10% 


intersects K scole of 280 LBS. PER INCH. deogonol scote 


K-SPRING CONSTANT OF MOUNTING PER INCH 


Fo- DISTURBING FREQUENCY-CYCLES PER MINUTE (CPM) 
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NOTE. This colculotor is correct for o — am 
_ linear, undamped system, which im prac: mm 
tice is approached only by steel! springs am 
For organic moteriols which have con- 29 
siderable domping (such os rubber, 
cork, ond felt) the transmissibility con 23x 2, zz 
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quency, but the deflection shown on the 
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FIG. 7 Force transmitted through shock 
mountings. The graph shows the load de- 
fection curve for a typical steel spring 
and also for two stiffer mounting mate- 
rials, such as rubber in shear and rubber 
in compression. Steel spring mountings 

for shock applications are selected to give 
a static deflection of at least 1/2 in. com- 
pared to 1/16 in. to 1/8 in. for other iso- 
lating materials. The shaded portions of 
the graph represent equal amounts of 

shock energy delivered by the punch press 
or hammer to each type isolation material 
initially subjected to the same static load 
(Po). The steel springs deflect more and 
transmit much less force (Pl) to the sub- 
base than is transmitted through the more 
rigid materials (Po,P3). 
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STEEL WASHER 
RESILIENT WASHER 


USING CHANNELS TO APPLY LOAD TO 
VIBRACORK FOR LIGHT MACHINERY 


Py 


VIBRACORK FOR ISOLATION OF EQUIPMENT ON 
CONCRETE FOUNDATION BELOW FLOOR LINE 


FIG. 8 Solidly mounted press at left 
transmits shock and high-frequency noise 
into the floor. The shock causes floors, 
walls, and lights to vibrate and act as sec- 
ondary noise sources, in addition to the 
normal airborne noise transmitted from 

the press. With shock-mounted press at 
right, all structural vibration and noise 
transmission is stopped and secondary 

noise sources are eliminated. 


LIGHTS 


RETAINING CURB 
FOR EQUIPMENT 
TENDING TO WALK 


VIBRACORK 


se 


CONTINUOUS LAYER OF VIBRACORK FOR 
HEAVY MACHINERY AND CONCRETE 
FOUNDATIONS ABOVE FLOOR LINE 


FIG. 9 Typical cork arrangements. Machinery-isolation cork is usually made in 


three densities for loadings from 1000 to 8000 lbs per ft@. 
is 12 in. by 36 in. in l-in., 2-in., and 3-in. thicknesses. 


cation is under concrete foundations. 
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Fig. 10 Typical rubber and rubber-cork mountings. Load capacities of rubber mountings vary with their size, type, and rubber 
‘durometer. Approximate maximum deflection is 1/4 in., though some mountings can be stacked to increase the deflection. (a) 
Compression mountings support more weight per unit of area but require greater thickness of rubber to get the same deflection 
obtainable with a smaller volume of rubber when loaded in shear. (b) Pure shear mountings must not be overloaded, or the 
rubber-to-metal bond may fail. (¢c) Combination compression and shear mountings are more durable than pure shear mountings 
if overloaded. (1) Rubber-in-shear hangers for suspended equipment and piping. (e) Rubber-cork mountings combine character- 


istics of these two materials, provide non-skid surface which eliminates bolting machines down. (f) Rubber-cork mounting with 
built-in leveling screw. 
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Fig. 11 Typical steel spring mountings. 


(a) Standard units of this type provide 
highly efficient isolation for most ma- 
chines. Different sized housings accommo- 
date from one to sixteen springs carrying 
loads from 50 to 23000 lbs with spring 
deflections up to 114 in. (b) Heavy-duty 
isolator to support machines on concrete 
foundations or structural-steel chassis. 
Load range: 3000 to 35 000 Ibs with stand- 
ard deflections up to 114 in. Mechanical 
friction-type snubber shown. (c) Long 
spring isolators for deflection up to 10 
in. Load range: 50 to 20000 Ibs per iso- 
lator. Note separate adjustable snubbers 
at sides of isolator. When isolators shown 
in a, b, and c are used on jobs where 
high-frequency noise transmission is a 
problem, separate rubber sound pads are 
used between the bottom of the isolator 
and the floor. (d) Spring hangers for sus- 
pended equipment at piping. Load range: 
20 lbs to 4000 lbs with standard deflec- 
tions up to 114 in. Hanger contains sound 
insulation washer to prevent high-fre- 
quency noise transmission. 
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savtation 
foundations 


on the 


installations, spring-isolated 


ere required as shown in Figure #14, 


ting of the cork varied to obtain optiqum i:oadt 


reinforcement for eravity 


vibreting screen bigh tn the building 


oF structural 


FIGURE #16. The spring mouttings show permitted installation of two of these 300 ton 
centrifugal refrigeration machines in « penthouse on the roof of the building. All 
er sir conditioning meehanieal equipment wae gia! larly mounted in the penthouse, 


ing operating economies freeing the basement for valuable @rage and storaae 


centrifuge cracked the conc 


THE EFFICIENCY (SOLATION FOR THIS HAMMEe 
BY Koerund atoms 15 OFMONSTRATED THY 
OSCILLOGRAPH PECORDINGS GHOwING THE DI TRAN 
SITTED FROM THE sso. with 
THE DISTURBANCE CAUSED BY A HAND~SLAP On THE FLOOR 
fercow). 


21,0004 preumatic LIFT, GHAVITY with GOO? 
FALLING RAM, HAMMER PLACED DIRECTLY Om KORFUND 
« NO ANCHORING TO FLO0O8, NO CONCRETE FOURDATI ON 


FIGURE $19. Robber mountings under these milling mchines prevent vibration trane- 
migaion tc cther equipment ami eliminate bolting to the floor so tnat the michines 

ly re-arranged se production linee change. Built-in leveling screws 


> 
4 ov fom 
| 
FIOURE #1". This 36” x 50” belt-driven horizontal 
third floor on which was mowrted umtil it was re an. f 
“ore weich prevented vibration transmission and further damsge Adjustable chocke then 
in the leclaters resist pul maintain dr‘ ve without the need for 
Nt | 
TRA 
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READING 


LOCATION 
Impact Machine = 1 
Creating the Disturbance Y 


Floor or Nor-Isolated 
Precision Machine 


High frequency transient floor vibration causes large 


accelerations which spoil accuracy of precision 
machines. 


JUR 


Resiliently-mounted 
Machine 


Transient vibration of resiliently mounted machine is 
at low natural frequency of mountings, resulting in 
negligible accelerations which do not affect the 
machine’s accuracy. Mountings also isolate the ma- 


chine against the high frequency transient floor 
vibrations. 


Figure #20. As explained in the text, these graphs show how resilient mount- 
ings under precision machines protect them against impact shock 
and high frequency transient floor vibration created by such 
shock. 
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Spring mountings under this 24" x 96" cylinder grinder eliminated the need for the usual concrete 


foundation and protected the machine against external vibration from trucks and other equipment. 


FIGURE #21. 


bration from engine test rooms and passing trucks interferred with the 
© precision jig borer until it was mounted on steel spring Isolators 


vi 
of thi 


URE #2 
racy 
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FIGURE #24. This 75 ton roll grinder 
operates to tolerances of £0.0002" 
with a finish of 1.4 mu in.rms., on 
rolls up to 36" diameter and 192" 
long. A spring isolated foundation 
weighing 235 tons protects the ex- 
treme accuracy of this machin 
against vibration and shock from 
passing trucks and the aluminum 

foil mill machinery. 


FIGURE #25. 


Corner detail of foundation suspension system, showing 
a 9-spring isolator and snubber assembly. 28 spring 
and 4 snubber assemblies were used to “float” this 
grinder foundation. 


Korfund Steel Spring Vibro-Isolators protect thie delicate analytical balance from ribrati 
disturbances caused by crushing and shaking equipment in this large ene 


+ Phantom view shows how 


highest degree of accuracy is maintained by isolating the concrete block from the table--operator work 
at table without disturbing the balan toad 
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DIFFERENTIAI, PROFIT CONTROL 
(A Simplified Method of Overall Profit Optimization) 


Dr. Raymond Villers 
Consulfant in Industrial. Management 
Associate Professor of Industrial Engineering at 
Stevens Institute of Technology 
Hoboken, New Jersey 


An industrial enterprise must fulfill certain social 
obligations. It further must be careful not to endanger 
its long range stability and prosperity through a policy 
of short run gain. Subject to these considerations, 
however, the maximization of profit is the primary goal 
of managerial policies. 


During the past few years increasing attention has been 
given to the advantages of using mathematical concepts 

@6r the purpose of profit maximization. New methods of 
programming have been proposed. Many of them require 

such involved computations that they would be totally 
unrealistic if it was not for the fact that new tools 

have been made available for performing such computations. 
In this respect like in many other fields, the development 
of electronic computers has opened entirely new horizons. 


Many of you are fully conversant with the new methods that 
have ‘been proposed. Some of us may be reluctant to spend 
too much time in learning how to master them because, 
after all, they are rather complex. This is true even 
when they are calied by encouraging names, such as the 
"simplex method", for instance. All of us, in any case, 
are very much interested in the great potentialities of 
these new methods of computing and programming. They are 
very promising in terms of profit maximization and many 
have already proved their value beyond doubt. 


Up to now it seems that the mathematical methods that 
hdwe received the greatest attention, have been, as a 
‘whole, directed toward the maximization of the profit 
related to specific operations. By this we mean, for 
instance, the determination of the most economical 
production lot size, or the determination of the most 
economical method of delivery of goods from warehouses 
spread all over the country, or the determination of the 
most economical scheduling in a given plant or part of a 
plant, etc. 
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Obviously the solution of such seecific problems deserves 
full attention. The way to maximize total profit is, in 

good logic, to start by maximizing profit 

of the specific factors which influence to 
the same time, it is not always verve that 


bg each or some 

t 
specific maximizations eifectea independent 

e 

t 


or 

al profit. At 

he summation of 

ly from each 
other will necessarily and automatically r sult in total 
profit maximization. After the ging ri 
te 
i 


al enterprise, 
in spite of its great complexity, constit 


S$ a singie 
in be taken 


entity. This means that no specific a. Ci 
without somehow invoiving the whole enterprise, directly 
ific eiement of profit 
t 


ive 
or indirectly. Maxim2zation of a scecific 
may weli, in final analysis, be svercompensated by a sub- 
stantial decrease of provit somewhere else. The far- 
reaching implicatiors of any specific decision are not 
always easy to foresee. 


There is another fundamental rea 
maximization upor. an overall pic 
that every specific decisicn is 


on tor basing profit 
ure. It is the fact 
niways, Girectly or 

n policy decisions. 
ion, based upon an eval- 
the whole sifuation. 


indirectly, made possibic by 
These, in turn, are, oy defini 
uation of the overaii picture o 


93 


To iliustrate-- on April 15, i956, some steps are taken 

in Dept. 37 of the X¥Z Co. ‘These steps will result in 

substantial cost reduction in the manufacturing cf item 
ae 


123. This is a case ws: specific profit maximization. But 
the steps that have been taken were made possible only 
because, among other ractors, Me. *., the industrial 
engineer who recommended them, hadi »een hired following 

the high policy cecision te creste an inuustrial engineering 


department. This high policy decision taken in 1955 by 
the Board of Directors involvee tn increase of total over- 


head before it resuite?d in esnecifie orofit maximizaticn. 
It was a necessary prereguisite co she snecific cost 

reduction arrived at tn Dept. 37 on Apet2 15, 1956, with 
relation to the manufectuare ofr 


This illustrates tne fact that maximization requires 
that attention be given to the ‘synchesie epproach" ss 

well as to the "analytic approacn.” Actusily, the two 
approaches complement each other. 


This fact is, of course, fully recognize 

This is why profit control faditionally based ‘upon the 
Simuitaneous use of cost ace 2, 1.€., the 

approach" and general accounting, i.e., the “synthetic 
approach." 
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As previously mentioned, it seems that most of the new 
concepts which are using mathematical methods for the 
purpose of profit maximization relate to specific operations. 
They follow the “analytic approach". As such they can be 
considered as a sort of modernization of cost accounting. 


There seems to be also an opportunity of stimulating the 
modernization of general accounting by following the 
"synthetic approach" in using mathematical concepts to 
maximize total profit. 


The method to be now discussed is intended to be a step 

in this direction. It is based upon difference computations 
and for this reason can be called a method of differential 
profit control. 


Considering the cost structure of an industrial enterprise 
as a whole, at a given time, and operating under given 
conditions, it is found that the costs can be c&assified 
in two groups: variable and constant costs. The variable 
costs vary directly with the volume of production. Such 
are the cost of material, the cost of direct labor, for 
instance. The constant costs, despite their designation, 
do vary. But their variation is not directly related to 

a change in the production level. 


The break-even chart, first presented by Walter Rautenstrauch 
and now being used throughout industry, is prepared on the 
basis of this fundamental classification of cost. It 
provides a graphical representation of the cost to sales 
relationship for the enterprise as a whole or one of its 
subdivisions. 


The method of differential profit control to be now 
discussed is an attempt to provide a greater flexibility 
in the preparation and the use of the break-even chart. 
Essentially it amounts to the preparation of what could be 
called a "differential break-even chart." 


To illustrate the principles involved, let us take the 
ABC Co. For the year 1955 the profit and loss statement 
of the ABC Co. shows the following results (in $ millions): 


Total sales $15.0 
Cost of goods sold $10.0 
Selling expense 2.0 


Administrative expense 1.5 
Total expense 
Net profit before taxes AeD 
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Let us say that the analysis of cost provides the following 
figures: 


Labor $ 3.0 
Material 5.0 
Other variable costs 2.0 
Total variable 10.0 
Total constant 3.5 
Total cost 


Figure 1 shows the break-even chart obtained in plotting sales 
in abscissa and cost in ordinate using the same scale. 


The trend expense to sales is defined by the equation: 


y=-atbx 
where 
y = total expense 
x = total sales 
a = constant expense 
b= V = ratio variable expense to sales 
s 


In this case 


y =3.5+10x 
15 


This equation is vaiid only within accertain range of variation 
of the volume of production and only as long as the conditions 
of operation remain unchanged. 


f the sales of the AB Co. increase from 15 to 20 millions, the 
variable expense V is still defined by the equation: 


= 10x°* 10 


15 15 
but certain elements of constant expense, the supervisary expense, 


for instance, and a few others, will have to be increased. If 
their total increase was to be .3 then the equation 


y = 3.5 + 30 
* 


becomes 


y = 3.8 + 10 


x 
15 
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if in addition some progresses are made in methods and processes 
which increase labor efficiency by 20% (at 15 M. of sales, labor 
cost is 3 M) then the slope of the trend decreases. The 
equation becomes: 


y= 3.8+9.4 x 
15 


if there should be a change in the sales mixture, the slope of 
the trend is further modified. 


De these considerations affect the usefulness of the break-even 
chart? Certainly not, as well proved by its increasing adoption 
in industry. Its usefulness results essentially from two 
characteristics: 


1. The chart provides a linear equation which defines the 
cost to sales relationship within a certain range of variation 
of the volume of production and which remains valid as long as 
the conditions of operation remain unchanged. 


2. When this range of variation of the volume of 
production is exceeded and/or when the conditions of operation 
cnarge, the chart provides the basis from which the impact of 
23 change can be measured. 
it is now proposed to take full advantage of these two character- 
istics by combining them into one single mathematical model 
which will provide both the linear equation that defines the 
"ost to sales relationship and the structure within which 
computations can be made in a comparatively simple manner to 
measure the impact of a change. This mathematical model is 
the equation: 


where 
y * cost 
= sales 
N, 
a = ay 
a, = elements of constant costs that 
have been recorded at the time ~— 
T. of the original analysis. 
Ny 
ha Aas Aa, = either the difference due to a 


change in the original elements 
of constant cost (a; to ay.) or 
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the value of additional elements 
of constant costs that have been 
recorded at the time T,céf the 
subsequent cost analysis 


(ay, 4 1 to ay, ) 


No Vv 
bs = ratio of elements of variable costs 
i=l So to sales as recorded at the time 
z5 of the original cost analysis. 
Ny 
Ap either the difference due to a 
i=l i i change in the original ratio of 


elements of variable costs to 
sales as recorded at the time T 
of the original analysis , 
Ib, to bx) or the value of the 


ratio to sales of additional 
elements of variabie costs that 
have been recorded at the time 

T) of the subsequent cost analysis 


(by 4 by ) 
1 
Later on, as subsequent analyses are made, at the time 
Tas Da 
2 3 n 
2 
A, #* 


This approach simplifies the compurations needed for profit control 
as will now be shown. If we consider the equation of differential 
profit control 


~ 


y = (a4¢4,) 


we see that it includes two groups of factors. 


First group includes the two basic factors "a" and "b". 
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The determination of "a" and "b" requires a detailed analysis 


of the expense accounts, which must be classified either as 
constant or as variable. t sometimes requires breaking down 

an account into a variable and a constant section. It generally 
requires. rather lengthy computations.1 By following the method 
now proposed it will still be necessary to perform these compu- 
tations at the time of the original analysis but it will be 
possible to’ avoid repeating them. At the time T)----T, of 
subsequent analysis, computations, as a rule, will be limited 

to the second group. 


Second group includes the difference factors A, and qq , which will 
be computed as often as necessary. The control 
of Aa is based upon the fact that a change in “an constant 


expense by definition requires managerial action. +A change in 
supervisory expense, for instance, may be related] 4to the volume 
of sales. but it does require specific action. In fact, ina 
well budgeted company, such changes call for an adjustment in 
the budget. The computation of A , can therefore be based upon 


the fact that such changes are recorded. They can be detected as 
a matter of routine of control. Their impact can be computed if 
and when they occur. 


The same is’ true for most of the changes influencing A»: 


A mere change in the volume of production may occur so often and 
so irregularly that it would escape routine recording. The 

fact is, however, that such a change affects only the variable 
expense,. not its ratio to sales. Hence it does not influence Ay: 


A change in the conditions of operations, such as wage increase 
or decrease, material price fluctusetion, improvement in labor 
efficiency, affects the ratio of variable expense to sales. It, 
therefore, must be computed as part of A >: As a rule, however, 
it can be said, that such changes require*’specific managerial 
action. They are recorded. They can be detected as a matter of 
routine of control in the same manner as changes affecting Aa 
Their impact can be computed if and when they occur. 


These remarks also apply to the quantitative evaluation of the 
impact of a change in the sales mixture. “his is, as you well 
know, a matter that has received increasing attention in recent 
years. It is thought that the method of differential profit 
control can greatly simplify the problem of sales mixture control. 


1. See R. Villers, The Dynamics of Iindéustrial Management, 
{Funk & Wagnalls, 1954) p. 333. 
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All this can best be illustrated by using some precise f 
Let us return to the case of the ABC Co. previously ment 
Cest figures for 1955 are: 


e 
nea. 


Labor $ 2,0 {in millions) 
Material 5.0 

Other variatle cost 2.0 

Total variable $10.0 

Total constant 2 


Total Cost 
Total sales for the year 1955 were 415.0 


An analysis of the s.les mixture based upon a classifi 
items according to the percentage of direct profit per 
of sales ,1) shows the following renuits for the yea 
is for illustration only): 


Direct Profit Sales 


Groups | (in $3 


Sales Weighted 
2} Average 
1 


30 1.5 9 300 


35 20 790. 


- 

4 10 450 


Mie equation of differentisi profit conurcei is: 

& 
J 
It is upon this equation that the break-even chart shown in Fig. 1 

was based. This equation if valid any velure total 
sSalet, as long as the conditions of operaticns remain characterized 
vy 


eonstant expense a s 3.5 
ratic variable expense to sales b # 


{lj For an extensive discussion of this metnod, see #. Villers 
The Dynamics of Industrial Management. 2 13, and David S. 
‘Lelds,. "“Saies Mixture Control” in Comptroller, May, 1955 


36-8 


ig : 
( 
= 
cation of 
Ccliar 
1955 (data | 
| 


During the first quarter 1956, these conditions have changed. It 
is expected that the new conditions will prevail throughout 1956, 
Computations will then be made on a yearly basis. Otherwise 


provision should be made for seasonal adjustment or reduction on 
monthly basis. 


Changes are as follows: 


I_- Affecting the Constant Expense 


1. A new machine has been bought, raising depreciation by 


Ana. 
ay 5 


2. Supervisory expense was increased, because of an 
expected increase in production, by 


4.a5 = 
3. The Board of Directors has increased advertising budget by 
= 


4, Money has been borrowed creating a new item of constant 
expense, interest payment: 


= 


II ~ Affecting the Variable Expense 


1. An incentive plan has resulted in an increase in labor 
efficiency, providing 


By l = 
100 
2. The new machine results in reduction in labor costs, 
providing 


3. The new machine results in reduction in waste of 
material providing 


Ap, = 
100 
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6) = 15 
100 


Assuming for the time being that ail other conditions of operation 
remain constant, including the sales mixture, then in the equation: 


(3.5% + 4p) X 


Yo 


+ + Sa, + 4 


1 2 3 850 
= 5 .003 .O1 .25 
= .73 
a, * 4+ 
b b, + “b, 
- - 8 
100 1 100 
= - 25 
T00 


The equation 
Yo (3.5 + + X 
becomes 


(4.2684 4,)+ (50, + x 
At 15 millions of sales, the figure reached in 1955, profit was: 


= = « 10 = 
Py 1.5 since P| = X,-¥, = X,~- /3.5+ Fe /and X,= 15 


At the same volume of 15 million under the new conditions of 
operations, profit would be 


P, 3.237 since P| = X,-¥, = X,~ /4.263 1—~/ 2nd X,= 15 


Profit has more than doubled because of the change in policy. 


This raises, however, immediate questions such as: 
--What if sales decrease to 13 millions? 


~-What if we reduce our prices? 
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~-What if this reduction in prices raises sales again? 


~-~What if the sales mixture changes? 


All these and many similar questions. arise constantly at meetings 
where high policy decisions are taken, Board of Directors or 
Executive Committee meetings. 


Such questions are better answered and a comprehensive view of 
the whole situation is presented in a more effective manner at 
committee meetings if the equation of differential profit control 


is used in connection with the break-even chart and the sales 
mixture chart. 


Figure 2 shows the original trend T, as it was shown in Figure 1. 


It aiso shows the trend T, as determined on the basis of the above 
difference computations, 


Ty, and T, cross each other at the limit point L. The volume of 
sales indicated by the abscissa of L can also be computed 
algebraicaliy., Jt is X, so that 


or 3.5 + 10X, =~ 4.263 + 50X 
i5 + 100 } 
2.5 X 7.63 
ig 
X 4.58 


Above this volume. Ty is more favorable than Be The reverse 
is true below this volume. The determination of the limit 
point L defines the yolume iimit for total profit optimization. 


By using the equation for differential profit control and projecting 
it on a break-even chart, it will aiways be possible to evaluate 

the relative merits of two or more solutions in relation to the 
volume of total sales thai each solution is expected to provide. 
This provides a basis upon which to base high policy decisions 
tending toward profit optimization. 


Tt now remains to discuss a last element of complexity, the change 
in the sales mixture, 
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Returning to T,, the original trend defining the ABC Co.'s break- 
even chart, 


Y, * (3.5 + 6,)+ & ) xX 


We found that 


¥, (4.2683 + + &) x 
100 


on the basis of the original sales mixture, Actuaily. however, 
an analysis of the sales mixture for the first quarter 1956 shows 
a change The original pattern represented by the sales mixture 


chart shown in Fig. 3 (plain line) has now changed to the dotted 
line pattern 


What is the impact of the new sales mixture pattern upon the trend T 


of the break-even chart? This is where the equation for differ- 
ential profit control is most useful, The representation of the 
structure of the sales mixture requires the detaz:led analysis shown 
by the sales mixture chart and this is necessary for getting a 
picture of the market problems invoived, But a simpie relationship 
can be established between this analytic pattern and the synthetic 
trend of the break-even chart by noting that, from the point of 
view of tota' profit control, a sales mixture is characterized by 
its weighted average profit. 


As seen above, the weighted average direct profit for the year 1955 
of the ABC Co.'s sales mixturt was 


Wo 41.50 


The sales mixture for the first quarter 1956 (dotted Line in the 
sales mixture chart Frg. 3) 1s as follows (Total sales for the 
quarter are 5 millions} 


Direct Profit Sales Sales Weighted 
30 2.5 «50 1500 
35 1.5 30 1050 
40 5 10 400 
45 25 5 90 
50 25 5 100 
5 100 31.40 


1 


| 

| 

| | 

2 


The new sales mixture's weighted average profit is: 


31.40 


The difference in weighted average profit provides the «<p for the 
sales mixture change factor Ay, 


“A, = 41.50 ~ 31.40 = 10.10 
” 100 100 


The decrease in profit increases b by this amount, 


To relate the sales mixture chart to the break-even chart, simply 
requires incorporating this difference in the equation of differ- 
ential profit control, Thus, for the year 1956, the equation 
which, on the basis of an unchanged sales mixture was: 


Y, (4,263 + 4)+(50 + 4) x 


will, if the sales mixture alone changes. become: 


Y,, 4,263 + 60,10 X 
100 


This equation is obtained by introducing 


A o and & “ - 10.10 
a b bm 100 
so that 
a 4,263 and b~ 50+ 10.10 ~ 60,10 
100 100 


The new trend is s*.: as To 2H Fig. 2. 


Profit computations show that at $15 millions of total sales, the 


profit was 


4 


under the 1955 conditions of operations. Under the new conditions 
of operations it increases to 


P > 3.237 


if the sales mixture remains unchanged. but remains at 


P. 1,722 


if the sales mixture changes to the new pattern observed during 
the first quarter 1956, 


Tt is obvious. however, that total sales will not remain permanently 
at the level of $15 miliions Profit control must take this into 
account. The great advantage of the break-even chart is to provide 
a dynamic graphical representation, It provides a control based 
upon the determination of trends (such as T,, To in Fig. 2) valid 
within a certain range of variation, rather than a control based 
upon a strictly defined volume of salés, 


To Summarize 
The method of differential profit control based upon the equation 


Y (bh +4) x 


is essentially intended to serve the following three purposes: 


The first purpose is to provide 2 mathematical model within which 
computations can be made to take full advantage of the new tools 
of computation now available and of the new methods of linear 
programming related to specific profit optimization, This should 
be of help in measuring the relative value of alternatives when 
pursuing a policy of profit optimization, 


The second purpose is to reconcile total sales control with sales 
mixture control by providing a quantitative relationship between 

the break-even chart and the sales mixture chart. This quantitative 
relationship is based upon a simple computation of differences 
between weighted averages of direct profit, 


use of the break-even chart. which has provided such a valuable 
tool of management. 


it is thought that the methods of specific profit optimization that 
have been developed in recent years will, in the years to come, 
greatly reduce the cost of production in industry and thus bring 

to an even higher level our standards of living. The more we 

are able to bridge the gap hetween abstract mathematical concepts 
and actual practice of industrial management, the more we will 
accelerate this desirable improvement of industrial operations. 


It is hoped that the method of differentia! profit control can 
“ontribute its share by making it possible to present to the 
industrial executive a simplified synthetic view of the increasingly 
complex picture of the industrial enterprise, 


The t I p i + t 
e to } od e n € nt 
4 
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Because this overall picture is based upon the re-groupin of 
each specific element of cost, each broad problem can - Piccuseet 
in terms of specific influential factors, Because each individual 
factor is related to all other factors within the structure of the 
equation of differential profit control, it is hoped that this 
method can help in reaching high policy decisions tending toward 
overall profit optimization in the conduct of industrial operations. 
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By the Monte Carlo ieihod I ean the method of causing an 
experimental model of a system to ect under random iniluences 
while observing and summarizing its behavior. 

The Monte Carlo method strictly so callec was developec during 


the war by John von [leunann, Stanislas Ulam, anc others, for 
solving problems in nuclear physics. The general introduction 
of electronic digital computers, however, as we will discuss, 
has creatly expanded the runge oi applications of the method. 


There is a question in ny wind whether in systems analysis we 
houle continue to use the term. The physicists may legitimately 
onject to our doing so. 

Possible alternatives are “operational simulation”, which implies 
that we analyze the simulated operations of system or 
"ooerational camming" which carries over the concepts of pr 
abilistic war-gaming to the industrial sphere, 
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oi them. 


i 


/ - 
| 


oO 
5 
¢ 
| 
3 
om ¢ 


cr 
mai 


inmaus 


cal 


aPa 
Cliag ta 


Cc 


Ile 


have 
jirst, 


ort 
| 
+ 
3 
rat + 
eo 
wm © 
> 


Oo 
O 
on 


ret 
sugge 


aU 


Nw had 


at 


ecd 


ve pro 


rei 

wt 


j 


and 


io: 


nG 


> 
O 
ty 
© 


« 


> 


| 
Sa © 


anactwersr 


saver 


of 


pro 


c 


Product 


ction of 


} 


(Cay 


asic ic 


The 


ava 


or¢ 


> Us ta > Expect es iU.li vase 
i ni “+h? *h a: ay ar ~ 
ie class oj is to which they are applicable 
S € Chi AS TLCS wi perric 
rob] west? ehow 
MM theory does not suifice for 
glee > 
soLiution. 
second, direct experimentation woulc te pronihbitivel; 
| costly in money or in tine. 
with a@e€vancec conp ionél aids. 
settmac_up our industrial problex, \qQQQQMggeMMM as far as we can 
Wi ti WMELNOCS pencil, paper ant Cesk calculator. 
Suppose we look at this problem irom ménageneni’s point oi 
mmm - or from the viewpoint of an analysis team in staff 
Apcoiag to management in a heavy process industry, sa 
‘o) milling, smelting, oil, chemicals, alloys or steel. 
‘© ere concernec wien proaucy art one Our Company: 
= Caii le Product «a Jur pri Ci pai 
F 1 sat’ 
high for long periocs, ai other times so low &@s to interlere 
fhe Operating Department wants &@ more stable procuction 
sell even more in the peak season iif aa k 
contractual comuituents, so in short, the problea put up to ou 
esearch team is to devise a level procuction schene which will 
maximize profit without unduly risk. 
I am building up this backcround for yow to deseribe anc 2iine 
methods will iind their industrial applications. 
car in mind, we are talking abou incustry 
hre nit! Sale tie up 
exéuple - three wont! tic up 
on the of a million dollars. bE !:owcver, 
i l in uct Jroduce in n stock i tha eal: c} ynt! 
Ciid r+ Ut pel 20rF SUOCK tne MONUNS , 
nyt te thea man tte %tandant intean tnrey 
= a Lin vss & irom SLOCK in De are; invencory 
cory, OF Strale t-liorwara meti OaQS, WOULC 
provice wie answer ior rroe ict A if that were all we had to consicet. 
7? 


29 


a & 
i 
a . 
> 3 
«sh 
. 
Ve 
. a 
J 
‘ a 
— 
prbous. 
plans: whcthepg it is shipments ¢ at 
whi au Ci goa - ta 
i 
Q Lic PLiVel . Cc. 
. 
Up, SOME years i SOnIG yoars ric 2 
| 


© 
3 


OGUC 


vol 

4 

© 

Ae 

oO 

> 
et 

© 


«al 


S 
1SCi 
aria: 


ié 


| 

OD 

ond 


roceec 
tiie 
1e be} 


, 

was 


O 

é> 

Pe O ed 


a 

— 

o 
4 
' 

J 


3 -- 


rocr 


i 


iOn 


il 


ve 

O- 


VN Gs 
ate 
cr 


ta O 
« < 

- 
if = 


> 1S sLvage we neve icenriileda some ane pet dil tne 
SYS veil. 
wa € cand W1ii OCCU 
i Cus are ssing, the 
including the behavior of Product A and rH thus 
creat } G Carlo POUTiNEG, whicn we can 
. 
| 
ror Proauct # in pérticular we want to simulate Cemanc with a 
seesonal trend which nevertheless in random manner. 
accor one O21 OUP iifSit Peqguarcuenis } réeiiabsie 
Souree O42 Gha Since we are sticking to ai LOOdS, 
ill most likely whese One O11 the LGU 
ao tre vOrporarvion ba 15 om JiGi UD e 
Or LS Castrinutec around a mean. Rut 
Ch 45 noe ene Ou Lime, “un 
we Of as Uf Me Vila e 
Si Owing Li: Pree pro tions 
Ja a~ Wa €aci uSSOClaces i vi 
ility Cend ne iv? 45 GALS dad 
pronesilities are equal or nearly so. 
Slide showing probability distribution 0: 
cgeménd ior 5. Brief discussion. 
JUS O pro eaure, nciore n SUppos ve 
‘ un OU Our hmnulation sOP & couple Od years and see how 
résuating monthly orders for the two procucts look: 
[wo slides showing simulated demane for eze! 
procuct, Dy montns ior two successive yecers. 
Mani cee tan 
rrief discuss 
€.0re putting tnese pores OL tie SliInuLavion we AS 
Atiow sor the efiect of possible water shortaye at the plant. 
Liif Vie vO nan le lis we ree oO conslce. 


o 
om 
? ch) 
ee Siw & S4s © rat 
ft. w ¢ ond 3 oO 
3 © I moO oad 
jee > | 4 a 
> oO =; oOo O oO 
© s4 oor ia Oot ent ~ 
4 
‘ > { 
“ f 


Or 

Dae 


+ 

© 
o 


- Oo t& 
€, ond 
Ow 
oo onmu 
wm & & 
© Set 
© 
Bc 
& 
OOO 
4 wo + 
© 
emo oO: 5 ¢ 
WM ti Bert 
3 U x 
4 
oc 
oOo 


4 
O 
end 3 
»ed 
CS 
. 
» 


ac 


apyperent 
pperen 


c 


ort 
e 
ot 
“4 

we 


A 
D 
© 
ort 
> 4 oO ‘ 
>- 
ms 


ers 


luection 


“> 

en 

| 

wa 

© 


tec 


au 


© 
rd 


3 
© 
© 
omg 
oO 
© 
cy 
© 
> | 
© 
ord 
ca 
ord 
O 


or 


| 
€iatilo ISH LPS , Or eli 
* 
inventory ‘ € 
iwal iw say 
of PP ar 
‘ tHe raw Lic 
tien rs ry » La’ ; 13 
é ae Cod STE Vs 6c we gut Lis L 
Sy nex wa cor es pon ior aa as 
y the three Cistribution our slice a 
neo fan Tre A {" tt f b h 
S next. CcCoLiumns ior nor vil O ot 
ti wi wilt res ac Len ior waver 
shortage; and finally end-ci-month plant inventory as Mull 
< Pin 
ft 
or 
. 
= 


rer 


is work sheet conld be analyzed to cive: 


the average monthly plant inventory in equivalent 
censity units 


the number of times shipments were delayed cue to l: 


of stock 


the number of tines plant storace capacity was exce 
implying storage elsewhere in rented space 
Ve would want to repeat the whole experiment with Ciffer 
random numbers until statistically stable results were a 
For example, four repeats or 192 months of simthated ope 


ight prove to be enouch. 


le would then promueag A hav je, as the result of our experin 
just one point on @ chart, e.¢., & chart with vertical < 
average plant daventens and horizontal axis number of to 
produced per nonth. 
fe would have confidence limits ereund the point and the 
ve assume, are sufficiently nérrow with the sample of 19 
The next step would be to chance the production level fr 
10,900 to, say, 11,000 tons per month and run 192 cases 
this, gaining another point for our chart = and so on un 
we coule say in general how average inventory at the pla 
depencs on monthly production level. 
The number of points neecec wounle be cetermined by sever 
things includcin gs capacity, sales levels, and the 
se sitivity ot pla: nt inventory to producti.in level. Sup; 
e needed six eee we woulc have had to run six of o 
192-line work sheets to cet the cata, 
But we have been holdine all the other relevant influenc 
or parameters constant. Perhaps we next want to assume 
different demand distribution for Product 3B, this cistri 
representing one parameter in our system. To completely 
analyze the results of four different demand distributio 
for 3 interacting with 6 cifferent production policies f 
. would require 24 different exper inents, each carried t 
statistically stable sanple. 
Now in a typical incustrial problem there might he five 
cifferent poreueters, like the two we have heen discussi 
and if each of them took on five different values, nore 
3000 replications of the experiment would be reguiredc to 


3 


(Q 


$ 


© 


oD 


ot 


%, 
' iC 
ec mt 
7 
ner 
& id i 
[: 
I 
F 
il 
ser 
ae 
tian 
no 
| 
Vile 


=f 
| 
O° et 
sleet 
+ 
© 
res 
fa ort 
; 
CY 
4 
"SS 
rd ©) 
t+ 
ond 
. 
w 
2 ©} 
oO w 
mnt 
© 
& 
ji 2 > 
ond 
© 
tri © 
© ¢ 
© 


OS Ss 
ea 9 
~ped 
©} 
(>) 
ef 
= ord 
© 
oO 
© 
22 
Ore 
“J 
$3 
OG 
omg 
Oi. +7 
Meas 
© s 
LA we 
O 
© 
Qa rao 
| 
3 
fe 
© 
| 
& 
w 
O 
or 3 
© 
re 
© 
©) 
| 
4 


t ~ 
© 
ft 
Oo © 


O 


THT 
4 


om 
nord 
® 
fa ore 
° 
om! 
« 
& 
oO 
¢ 
© $ 
© & 
| 
ot 
no 
© 
2) 
© 
ot 
ed 
© 
Of) 
o 
O 
= 
© £2 
eed 
Wot 
rt CO 
¢ 


O fa 
© 
© > 
© 
ff. 
©) 
© 
OQrei 
Sa 
© 
ra 
ort 
Sard 
gos 
Ww 
wo & 
O 
ori 
eo? 
& 
£4 
C3 Sa 
Ma 
© $a 
“92 O 
emt 
4 © 
j 
ed 


tan 1. 
€ 


however 
pe considere 


Mies OL 
iactors 


roductiv 
that more 


“ 


Qe 

~ 

re 
rare 
et 
> 
cmt 
«+ 
fa 


B 


& 


cdemanc 


mean 


wm 
o w 
O 
ord 


oO 
ord 
3 


o 
ow 
~ 
wt 


crace or 


cnc ig electronic computers, such as UNIVAC | 
fQ.eseries, possess the reguiree speed. For insilance a r 
experiment in our croup, estimatec tp require 
~ 4 rF IAT ma tana | awl ~ 
imum Of 200 man-hours by pencil and paper metfiods, took 
ine minutes to run on our computer - which is tlle Remincton- 
tance’ 1103 or sowcallec “scientific Thill ratio of 
an 
: 
(we assumec shipments equal cemand if 
stock is available), 
Ler supply. 
Dependence of A on B GEREN this to be a constant). 
his, with a few additional constants, makes up the list, anc 
id prove sufficient to test our ingenuity if we lackec 
couputational equipment. 
4? 
am 
ought to dj; among 
S are. 
production sche po separately 
effect of estimn ad time lags). 
~ ~ y 
Storage capacity. 
Possible quality of raw materials anc product, 
wits 


4 
> 
~ 
% 
aw 
3 


reas 
£0 
© 


© fa 
© 
© 
. ‘ 
© 


Pet 


ec 


fe 
> 
< 
d 


and 


1 


4 


to be sup 


J i+ + vo 
‘ 
storage COSUS. 
oS OL money. 
ld either inelude all these c itions richt off, 
e us is work. I helieve ejopity of the early . 
*omputer time 1S not vO CGC 
a 
too nancail Vile WOPL, CSpeciass. 
lustr roblems er groblems i: Llitary logistics. 
7 ah 
¢ m hava “antler ne 
~ Q aw Wise 
; nm invy SiZes. Stoncal Comes i} « 
an Sue 
Also > nature of the military mission, cacn stock 
‘ ,O vv iv - ~~ 
or 


° Ss 
& 2 ert « ; ow 
ra ed é e eq 
OS om & © 
Cie? & + © 
4 
© wi fa sot 
© © 
& @ ia 
.© & > ¢ 
bm ond ed ond ond 
ted © > ort © eg 
> © © rs ® 6 si fu 
Ord © rs © © wor 
ag * 


$c! zations cinstitute intermediate cpr ansitio: 
step: on 2ccuréte a detolled procec 
y vat - Conpurer Liow Chert a ierica 
~ 
~Q 
\ 


“mer 


ocks va 


-10 


6 


ar 


successful, our model or pture all 
features: this is where jJucgment, system, < 
experience of the experimentailst prc, ir part. 
Slice showing perioc esti guirenents. 
Yisecussion of the raregate 
a 
time and two peruntations e estimnatin 
proces ure. 
isecussion oi tine tee.nic ining the 
> Ve 3 "OC? big 4 Chad Lés ti 
on tne computer, 
ission. 
evicentiy important seature o- expert routine 
sinulation. Take cdemanc on tne syste. rhe characteristics 
of demand will be ceteruine y Tielé study of actual oper: ons. 
~ Vasil mathematical repe se we €ciace pe! © 
One that we use in the present problem 15 ehlse 
Slide showing mathematical simuiaetion 91 Cene! 
which permits relating the state o1 cemane Lo 
its previous stcic. 
when we have the complete simulation on the computer, anc . 
survivee the cebuccing phase to ger orkine, we finall 
ta 
reacy to experiment. 
le proceec systematically to answer the «ey questions requ 
for solution of our problem, such os, in the present casc¢. 
row Variations in é 
ry ~ + af - or ‘ 
oes the number of slzes 3: item effect the size 
SLOCKS ¢ 
For given probability, or 92 Punnang ot of stock, 
and given distribution o-: fluctuations in cemana estinates , 
what ore the smallest feasible operating stocks oO: a 
item 
asd il LzZec iten? 
— 


d 


designe 
Accordingly 
their 


a? 


eing 


om ERA 1103 


~ 
r 


c 


We 
: 
Ori 
rd 
ent 4 
- 
© fea 
on 
ea 
O O 
Sa ord 
3 ‘ 
© 
e o> 
‘omg 
© 
SA 
Sa % 
© O 
| 
on 
oO wm’ 
eed 
Cu © 
oO 


rod 
est 


> ear aen . n> ‘ 
Of course ceneratine these cnswers in quénviccil etall, 
are skipping over ratier briciiy nere tocéy. 
for analysis. ith the conputer, sel ilysis 
computing up to the fourth ouents of Lue 
i ro ce quency Vs Ve Ve ‘ Ge 
The particular computer we use, tae .emingron= ane 
r 
ag I mentioned, is exceptionally fast insice hut, 
SCLENtCLILIC USC, GB Otl « 
it not onl ecan provucing frequency cistribution 
an@lysis time per experiucnt, t it cid this in SO% less 
| Canta 
se 
a 
cha 
alyze and ixprove. 1: e problem is solved successiully, 
isital computer has alrea een accomplishec in the 
4 c 7 & ¢ +'- | we 
& lid talla Li Viie 


ie*ve shown tha tne Carlo metho } ppiier ; 
research in incustry: that whiie ; wie metho OCs 
it does, 
i*ve trie O plcture some oi the kinds trial si 
in which the probabilistic approac scesti and proiis 
and in ich my personal experience me ») helleve i ii] 
Dr 
co with intercisciplinery cooperation. 
a 
experts in management anc ousiness systeris, <i statisticians. the 
in 
cre we ave susiicie Ly po o Jar 
Os competitive elements in sales, the par: ers of invent (0 
labor and capatel as these all effec liven systen. Dr 
LORCN, COOpEra >. ver is Cece Phi 
whganeers can, if tney Choose to GO Soy pl by pert. Abs 
Dr. 
Ps} 
Pe: 
In‘ 
Per 
EQ 
d 
Un: 
in 
me} 
of 
Re: 
He 
the 
of 
iw 


DR. RUSSELL L, ACKOFF 


Associate Professor, Director, Operations Research Group, 
Case Institute of Technology, Cleveland, Ohio 


Dr. Ackoff received his Bachelor of Architecture degree in 1941 


and his Ph.D., Philosophy of Science in 1947 from the University 
of Pennsylvania. 


From 1941 to 1942, and again from 1940 to 1947, Dr. Ackoff was 
an Instructor in the Philosophy of Science at the University of 
Pennsylvania. During the years from 1942 to 1946 he served with 
the U. S. Army. From 1947 to 1951 he was Assistant Professor 

in Mathematics and Philosophy at Wayne University, and from 
January to August 1950 served as Consultant to the U. S. Bureau 
of the Census. He was a Research Associate, Project Doan Brook 
(Operations Research Section), 1951-52. 


Dr. Ackoff has served as a consultant for the following: 
Philadelphia City Planning Commission, 1946-47; Task Force on 
Ultimate Consumer Goods, ASTM, 1947; and Naval Ordnance Test 
Station, 1951. He was Managing Editor, Bulletin of Inst. of 
Experimental Method 1946-47, on the Abstracting Staff, Biological 
Abstracts, 1950-51, Book Review Editor, Philosophy of Science, 
1948-1953, and is Associate Editor, Journal of the Operations 
Research Society of America. 


Dr. Ackoff is the author of the following publications: 
Psychologistics (monograph) witn C. W. Churchman, University of 
Pennsylvania Faculty Research Fund, 1946; Measurement of Consumer 
Interest, edited with C. W. Churchman and M. Wax, University of 
Pennsylvania Press, 1947; Methods of Inquiry, with C. W. Churchman, 
Educational Publishers, 1950; The Design of Social Research, 
University of Chicago Press, 1953; and has had articles published 
in: Journal Operations Research Association of America; Manage- 
ment Science; Industrial Laboratories; Social Forces; .Philosophy 
of Science; International Journal of Opinion and Attitude 
Research; Advanced Management. 


He is a charter member, Fellow, and was Vice President (1954) of 
tre Operations Research Society of America, and is also a member 
of the Institute of Management Science, the American Statistical 
issociation, and the American Philosophy Association. 


38-1 


DR. HOWARD HATHAWAY AIKEN 


Director, The Computatien Laboratory of Harvard University 
Cambridge, Massachusetts 


Dr. Aiken received his Be S. degree in 1923 from the University ef 
Wiseonsin, attended the University of Chicago 1931-1932, and received 
his M. S. in 1937 and his Ph. D. in 1939 from Harvard University. 

He alse has received an honorary doctorate in engineering (1952) from 
Technische Hechsehule Darmstadt and an LID (honerary) from Wayne 
University (195). 


From 1923 te 1927, Dr. Aiken was an operating engineer while an 
undergraduate with Madison Gas ami Electric Company. 4t Harvard 
University, from 1939 te 191 he was a faculty instructor in physics, 
from 1941 - 1946 he was Associate Prefessor of Applied Mathematics, 
and from 1946 he has heen Professor of Applied Mathematics. During 
World War II he served as a Commander in the USNR frem 191 - 196. 


Dr. Aiken is the recipient of many decorations and honors, including 
the fellowing: Palmes de l'Academie Francais (191.9); Chevalier, 
Legien of Honer (1952); Ingeniors Vetenskaps Akademien (1950); 
National Fonds voor wetenschap Pelijk Onderzeoek (Belgium) (1951); 
Consejero de Hener del Consejo Superior de Investigaciones Cientificas 
(Spain) (1952); Ralph BE. Hackett Award (Seiemee) (195); Officer's 


Cross of the Order of the Crown (Belgium) (1955); Navy Distinguished 
Publie Serviee Award (1955)e 


An active member of many professional societies, his memberships 
inelude the fellowing: Fellow, American Academy of Arts and Sciences; 
Fellow, Association for the Advancement of Scienee; Econometric 
Seciety; Honorary member of Phi Beta Kappa; Sigma Xi; Gesellschaft 
fur Angewandte Mathematik und Mechanik; Kungliga Vetenskaps - ech 
Vitterhets-Samhallet (Geteberg). 


WARREN E. ALBERTS 


Director of Industrial Engineering 
United Air Lines 
Chicago, Illinois 


Mr. Alberts is a mechanical engineering graduate of the 
University of Wisconsin and served as Director of Operations 
for the Second Air Division during World War II. He joined 


United Air Lines in 1946 and has held such positions as Special 


Assistant to the Vice President, Operations, and Assistant to 
the Vice President of Flight Operations. He is presently 
Director of a Management Engineering Group which serves as an 
internal consultant to the rest of the company. 


DR. SAMUEL N. ALEXANDER 


Chief ef the Data Processing Systems Division 
ef the Natienal Bureau of Standards 
Washington, Deo Ce 


Dr. Alexander received both his A. B. degree in Physics and the B. S. 
degree in Eleetrical Engineering in 1931 from the University of Oklahena 
and was awarded a Tau Beta Pi Fellowship fer graduate studies. In 1933 
he received the M. S. Degree in Electrical Engineering from the 
Massachusetts Institute of Technelogy, where he eentinued his graduate 
studies under a Coffin Foundatien Research Fellowship fer 193k. 


Frem 1935 te 190 Dr. Alexander was a Laboratery Engineer, Simplex Wire 
and Cable Company. From 19,0 te 1943 he was a Physicist with the Navy 
Department on electronic instrumentation. During the period 193 te 
1946 he served as Senior Project Engineer with Bendix Aviation Cerperatien 
on development of telemetering equipment. From 1946 to 1954 Dr. 
Alexander was with the Electronic Computers Laboratory, National Bureau 
ef Standards, on development of digital computer technology and was ever- 
all superviser of design and construction of SEAC and DYSEAC. Since 195 
he has been with the Data Proeessing Systems Division, National Bureau 
ef Standards. This activity grew out of the earlier computer develop~ 
ment pregram and now includes application of both digital and analog 
systems for data processing and dynamic control. 


Dr. Alexander has been active ina variety of special activities, 
including: Member of Advisory Committee on Electronic Computers for 
Defense Business Applications; Member of Task Force on Paperwork 
Management, Hoover Commission; and member of the Advisory Committee on 
Application of Machines to Patent Office Operations. He is also 
special technical consultant to several agencies of the Government on 
automatic processing of routine paperworke 


Dr. Alexander is an honorary member of Phi Beta Kappa, Sigma Tau, Sigma 
Xi, and Tau Beta Pi. He holds the following professional memberships: 
Fellow of The Institute of Radio Engineers; Member of American Institute 
of Electrical Engineers; The Association for Computing Machinery; The 
Institute of Radio Engineers and their Professional Group on Electronic 
Computers and on Instrumentation. Has saved on a number of technical 
and standards committees of these societies. 


CLARENCE J. ALLEN 


Chief Industrial Engineer 
Cudahy Brothers Company 
Cudahy, Wisconsin 


Mre Allen attended the University of Wisconsin, and after completing 


Cudahy's Student Training Program became Senior Time Study Engineer 
for the Cudahy Brothers Company. 


As Chief Industrial Engineer for the Cudahy Brothers Company, Mr. Allen 
supervises production standards, methods and statistical quality controle 
Prior to his current assignment, Mre Allen was supervisor of the 
Company's Cost Department. 


Mr. Allen is a charter member of the Milwaukee Chapter, American 
Institute of Industrial Engineers, and is also a member of the Society 
for the Advancement ef Management and the Ne. Ao Co Ac 


DR. RALPH M. BARNES 


Professor of Engineering and Production Management 
University of California 
Los Angeles, California 


Dr. Ralph M. Barnes is an engineering graduate of West 
Virginia University. He received his M.S. and Ph.D. degrees 
from Cornell University. 


He has been associated in engineering capacities with such 
organizations as: Bausch and Lomb Optical Company, The 
Gleason Gear Works, Eastman Kodak Company of Rochester, 
New York, and the LaCrosse Rubber Millis Company. He has 
served as consulting engineer for industrial organizations 
in this country and abroad. 


During the summer of 1950 he served as Consultant for the 
Industrifor Bundets Rationaliseringskontor A/S (Federation 
of Norwegian Industries), and the Federation of Swedish 
Industries. He directed a three-week Management Course in 


Oslo and a shorter course in Stockhcelm for these organizations. 


During the Spring of 1956 he served as consultant to the 
Government of Spain in developing plans for the establishment 
of a School of Industrial Administration in Madrid. 


Professor Barnes is the author of several books on engineerin 
and production management, including: "Motion and Time Stud 
3rd Ed. (translated into Spanish, Italian and French), "Work 
Measurement Manual," 4th Ed., “Industrial Engineering and 
Management," and "Work Methods Manual." 


He is a Vice President of the Society for Advancement of 
Management and is a fellow of the American Institute of 
Industrial Engineers, The American Society of Mechanical 
po rine and The American Association for the Advancement 
of Science. 
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DR. GLEN DARWIN CAMP 


Director of Operations Research arid Consultant to President 
Melpar, Inc., Subsid. Westinghouse Air Brake Company 
Falls Church, Virginia 


Dr. Camp received his B.S. degree in Chemistry (minor physics) 
in 1927, his M.A. degree in Physics (minor mathematics) in 
1933, his Ph.D. in Physics (minor mathematics) in 1935, all 
from the University of California. In addition he engaged in 
post-doctoral work in physics at Stanford University in 1937. 


Prior to 1942, Dr. Camp was Professor of physics, City 
Coliege of San Francisco; graduate student, Univ. of Calif; 
instructor of physics and mathematics, Deep Springs College; 
research associate, Mass. Inst. of Tech.; research chemist, 
Union Oil Company (Edeleanu process); junior research 
chemist, Atmospheric Nitrogen Corporation (routine research 
on synthesis and oxidation of ammonia); undergraduate student, 
Univ. of Calif.; oi1 well driller's helper, Pacific Oil 
Company; timekeeper and junior engineer, excavation contractor; 
office boy, clerk and service station salesman, Standard 011 
Company of California. 


From 1942 to 1946 he was, in turn, an Associate Physicist, 
physicist, and head, Crystal Transducer Laboratory, University 
of California, Division of War Research where he engaged in 
the following activities: Underwater sound transmission; 
design and construction of crystal transducers; sea-trialis of 
sonar gear; development of sound-head of FM Scanning Sonar 
which contributed to the safe passage of rine US submarines 
through mine fields in Straits of Tsushima; acting editor and 
senior author, OSRD Summary Tech. Vol. 12, "The Design and 
Construction of Crystal Transducers for Underwater Sound 
Applications". 


From 1946 to 1951 Dr. Camp was with the Massachusetts , 
Institute of Technology, Division of Industrial Cooperation, 

as Senior Staff Member, Operations Evaluation Group, assigned 
to Office of the Chief of Naval Operations; OEG submarine desk; 
scientific adviser to Admiral C. B. Momsen, Asst. °CNO for 
Undersea Warfare. His activities there included observational, 
experimental and theoretical studies of naval compat and 
logistics operations; pro- and anti-submarine warfare; mining 
and mine countermeasures; convoy and harbor operations; opera~ 
tional evaluation of nuclear-powered submarine. 
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DR. GLEN DARWIN CAMP 
(Continued) 


At Melpar, Inc., from 1951 to the present time, Dr. Camp 
has been responsible for the formation and direction of OR 
group to study railroad operations for goodwill of major 
customers and to guide new-product development; consulta- 
tion on technical and operational problems. 


His military service and exerpience not only included 
application of Operations Research to naval operations; OEG 
1946-51, as indicated above, but also the following: 
Graduate, Submarine Command Course, U.S. Navy Submarine 
School, New London, 1946. 2nd Lt., lst Lt. US Army Reserves, 
er honorable discharge, 1933. ROTC, Univ. of Calif., 
1923- 


Dr. Camp is the author of many publications, including the 
following unclassified and de-classified works: Cost of 
Delivery Via Distribution Networks, to appear shortly; In- 
equality-Constrained Stationary-Value Problems, JORSA 3, 
No. 4, 1955; Operations Research: The Science of Generalized 
Strategies and Tactics, Textile Res. Jour. XXV, 629, 1955; 
Bounding the Solutions of Practical Queueing. Problems by 
Analytic Methods, Johns Hopkins Univ. Press, 1954; Feedback 
Control of Continuing Operations, JORSA 1, No. 3, 1953; 
A Variational Method for Linear Dissipative Anisotropic 
Elastic Systems, Phys. Rev. 69, 502, 1946; Impedance Repre-~ 
sentation of Tangential Boun Conditions, Phys. Rev. 
69, 501, 1946; The Design and Construction of Crystal 
ransducers for Underwater Sound Applications, OSRD Summary 
Tech. Vol. 12; with five co-authors; Heavy-particle Inter- 
actions from Beta-decay Theory, Phys. Rev. 51, 1046, 1937; 
Relativistic Non-conservative Theories of Gravitation, 
Docotral Thesis, Univ. of Calif. Press, 1935. 


He was an Amy Bowles Johnson Memorial Fellow in Physics, Univ. 
of Calif., 1934; Le Conte Memorial Fellow in Physics, Univ. of © 
Calif., 1933. 


He was Phi Beta Kappa, Phi Lambda Upsilon, Pi Mu Epsilon, 
Scabbard and Blade, Sigma Xi, Tau Beta Pi. 


Dr. Camp is a member of the American Marketing Association; 
American Physical Society (Fellow); Cosmos Club, Washington, 

D. C.; Econometric Society; Institute of Management Sciences; 
Institute of Radio Engineers; Operations Research Society 
(Fellow; Council Member, 1954-57; Chairman, Washington Section, 
1955); and Washington Philosophical Society. 
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DR. LEE S. CHRISTIE 


Group Chairman, Operations Research Office 
The Johns Hopkins University 
Chevy Chase, Maryland 


Dr. Christie received his Ph.D. in Psychology from the University 
of California in 1951. He was a member of the staff of that 
University as Lecturer in Psychology during the period 1950-1951. 


During the period 1951-1953, Dr. Christie was a member of the 
staff, Research Laboratory of Electronics, and Instructor, 
Department of Economics and Social Science, Massachusetts 
Institute of Technology. He was Principal Investigator and 
Assistant Professor of eee Y Department of Systems Analysis, 
Tufts University during 1953-1954. In 1954 he joined the staff 
of the Operations Research Office, The Johns Hopkins University 
where he now holds the position of Group Chairman. 


He was an officer, USNR, 1944-1946. 


DR. JOHN J. CORSON 


Partner, McKinsey & Company, Management Consultants 
Manager, Washington, D. C. Office 


Dr, Corson received his B.S. degree in 1926, his M.S. in 
1929, and his Ph.D. in 1932 from the University of Virginia. 


From 1933 to 1935 he was Head of the School of Business 
Administration, University of Richmond, Virginia. From 
1949 to 1953 he has been a lecturer at Columbia, Cornell, 
Princeton, and George Washington Universities. More 
recently he has been conducting courses in Executive 
Development at Cornell University. 


His business experience includes the following: from 1936 
to 1937, Dr. Corson was Assistant Executive Director, 

Social Security Board; from 1943 to 1944 he was Director, 
Bureau of Old Age and Survivors Insurance, Federal Social 
Security Administration; from 1941 to 1942 he was Director, 
U. S. Employment Service; in 1943 he was a member of the 
Advisory Board to the Provost Marshal General, U. S. Army, 
and also Consultant to the Mexican Institute for Social 
Soeert ty: in 1944-45 he was Deputy Director General, UNNRA; 
from 1945 to 1951 ne was Executive, the Washington Post; and 
from 1951 to 1953 he was Manager, Washington office of McKinsey 
and Company, 2 post he still holds in addition to having 
become a partner in the firm. 
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DR. JOHN J. CORSON 
(Continued) 


Dr. Corson is the author of "This Government" (1938), 
"Manpower for Victory" (1943), "Executives for the Federal 
Service" (1952), "Economic Needs of Older People" (1956) 

in collaboration with J. McConnell, and articles in Atlantic 
Monthly, the Nation, New York Times Magazine, The Survey, and 
other publications. 


Dr. Corson was President, American Society for Public 
Administration, 1948-1949; and is a member of American Economic 
Association, American Welfare Association, and American 
Political Science Association. He was a member of the Advisory 
Council on Personnel to Lt. General W. S. Paul, G-l, Department 
of the Army, 1946-1949; a member of the Advisory Council to the 
Comptroller of the Army, 1949-1951; Public Member of the 
Advisory Council to the U. S. Employment Service, 1945 to date; 
and Executive Vice Chairman, College Grants Advisory Committee, 
Ford Foundation. 


DR. ROGER R. CRANE 


Manager of Research, Management Sciences 
Touche, Niven, Bailey and Smart 
Certified Public Accountants 
Detroit, Michigan 


Dr. Crane received his B.A. from the University of Toronto 
and his S.M. from the Massachusetts Institute of Technology. 
He has engaged in additional studies at Harvard, University 
of Maryland and Catholic University of America. 


Dr. Crane joined the executive offices of the national 
accounting frim of Touche, Niven, Bailey and Smart in 
December 1955, to direct nationally the activities of this 
firm in the management sciences. Before joining the staff of 
this firm, he served as Director of Operations Research, 
Melpar, Inc., a subsidiary of Westinghouse Air Brake Co. and 
subsequently in the same capacity for the parent company in 
Pittsburgh. 


Prior to joining Melpar, Inc., Dr. Srane was a senior member of 
the research staff, Massachusetts Institute of Technology, 
serving in the Navy's Operations Evaluation Group. He has also 
been a member of the scientific staff, Naval Research Laboratory, 
Washington, D. C., and the California Institute of Technology. 


He is a member of the Operations Research Society of America, 
the Institute of Management Sciences, the American Railway 
Engineering Association and Sigma Xi. 
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SAMUEL W. EARLE 


Industrial Engineering Section - Management Services Department 
Union Carbide and Carbon Corporation 
New York, N. Y. 


Mre Earle received his degree of Bachelor of Science in Civil Engineer- 
ing in 19)6and the degree of Master of Science in Industrial Engineer- 
ing in 1948, both from Purdue University. 


In 1946 Mre Earle joined the Haynes Stellite Company, a division of 
Union Carbide and Carbon Corporation. After holding various positions 
involving work in cost analysis, materials handling and methods im- 
provement, office layout, and general industrial engineering, in 1951 
he was appointed head of the Methods Standards and Plant Layout 
Department. He transferred to his presant position in 1953. Recently, 
he has also begun the formulation of divisional Industrial Engineering 
Groups through training and consultation. 


Mr. Earle has been a guest lecturer at the Top Management Seminar of 

the Army Ordnance Management Engineering Program at Rock Island, Illinois, 
guest lecturer at Marquette University, and was a speaker at the first 
annual Work Measurement Clinic (1955), jointly sponsored by the ATIE and 
University of Austin, at which time his talk was entitled “Work Measure- 
ment in a Process Industry". He has also participated in various 
materials handling conferences as chairman or panel member. 


Mr. Earle is the co-author of an article on materials handling entitled 
"Cycle Conception", a feature of which is a set of study symbols called 
"handligs". Also, he has supplied data for the Memomotion Section of 
the "Handbook of Industrial Engineering", a forthcoming McGraw-Hill 
publication. He has conducted courses in elementary mathematics at 
the Kokomo Extension of Indiana University and statistical quality 
control for Adult Education = Foreman's Club, Kokomo, Indiana. 


GORDON R. EWING 


Internal Management Consultant and Manager of Industrial Engineering, 
Crawfordsville, Indiana, plant, R. Re Donnelley & Sons Company 
Chicago, 


Mr. Ewing graduated from the California Institute of Technology in 1935 
with the degree of Bachelor of Science, and received his Master of 
Business Administration degree in 1937 from the Harvard Business School. 
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GORDON R. EWING 
(Continued) 


From 1937 to 1941, Mre Ewing was employed as an engineer~analyst by 
The Chicago Corporation, an investment trust. During World War II he 
developed expediting methods and performed manufacturing analyses for 
the Chicago Ordnance District. From 195 to 1948, Mr. Ewing directed 
the manufacturing activities of the Clark Division of the McCraw 
Electric Company. In 1948, he participated in a management survey of 
the U. S. Maritime Comission as a member of the professional staff 
of the Expenditures Committee of the United States Senate. Mr. Ewing 
has been with R. R. Donnelley & Sons Company for the last six years as 
an internal management consultant and as Manager of Industrial Engineer- 
ing for the canpany¢s Crawfordsville, Indiana, plant. 


In addition to being a Director of the Central Indiana Chapter of the 
A. I. I. Eo, Mr. Ewing isa member of the Econometric Society, The 


Operations Research Society of America and The Institute of Management 
Sciences. 


DR. ROBERT B. FETTER 


Assistant Professor of Industrial Management 
Massachusetts Institute of Technology 
Cambridge, Mass. 


Dr. Fetter received his B.S. degree in Electrical Raginenring from 
Virginia Polytechnic Institute in 1947, and his M.B.A. (1949) and 
D.B.A. (1952) from Indiana University. 


From 1949 to 1952, Dr. Fetter was Instructor in Management, and from 
1952 to 1953, Assistant Professor of Management, at Indiana University. 


Dr. Fetter has conducted research in "Application of Waiting Line Theory 
to Problems of Maintenance Management” and on “Analog Computations of 
Some Business Decisions". 


He is a member of the American Economic Association and the American 
Statistical Association. 
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FREDERICK Me CILBRETH 


McKinsey & Company 
Management Consultants 
New York, Ne Yo 


Mre Gilbreth received his B.S. degree in Mechanical Engineering from 
Brown University. 


Before joining McKinsey & Company in 1945, Mr. Gilbreth served in the 
U. S. Army Air Corps in Europe during World War II. Previously, he 
was an industrial engineer with Merck & Company, and prior to that, 
with Re He Macy & Company. 


With McKinSey & Company, Mr. Gilbreth is chiefly concerned with studies 
of client problems in manufacturing, engineering, and organization. He 


bas assisted companies in a wide range of industries to improve their 
operations in these areas. 


Mr. Gilbreth is a member of the American Society of Mechanical Engineers 
and has participated actively in the Management Division. He has spoken 
on a variety of subjects dealing with the operation of large business 
enterprises and has studied the relative effectiveness of certain staff 
departments in various types of businesses. 


He is probably also known to many as a member of the Gilbreth family, 
whose story was related in "Cheaper by the Dozen" and "Belles on Their 
Toes". 


DR. WILLIAM GOMBERG 


Director, Management Engineering Department 
International Ladies' Garment Workers' Union, AFI-CIO 
New York, N. Ye 


Dr. Gomberg received his B.S. degree from the City College of New York, 


his M.A. degree from New York University, and his Ph.D. from Columbia 
University. 


Prior to becoming Director of the Management Engineering Department, 
Dr. Gomberg worked for the ILGWU as an organizer and as a business 
agent for one of the large New York locals of the Union. Under his 
direction, the Management Engineering Department of the ILGHWU, AFL-CIO, 
furnishes a free consulting engineering service to garment manufactur- 
ers in contractual relations with the Union. A staff of trained 
engineers and technicians assist the managements of garment plants to 
make better and fuller use of their plant productive facilities, there- 
by enabling the workers to increase their output and improve their 
earnings proportionately. The Department is also charged with the 
policing of piece rate policies developed by divisions of the Union. 
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DR. WILLIAM GOMBERG 
(Continued) 


Because of its pioneering work in the field of industrial engineering, 
the Department has been called upon for consulting work byth e United 
Automobile Workers, AFL-CIO; International Association of Machinists, 
AFI-CIO; United Textile Workers, AFL-CIO; Commercial Telegraphers 
Union, AFI-CIO; United Rubber Workers, AFI-CIO; and others. 


Dr. Gomberg has served as consultant to the Econanic Cooperation 
Administration and the Mutual Security Administration. In this 
capacity he has completed three missions to Europe (1950-1952). He has 
also served as the union member of the tripartite arbitration panel set 
up following the strike over a production standards dispute between the 
Ford Motor Co. amd the UAW-CIO, Jume 1918. 


Dre Gomberg is the author of a TRADE UNION ANALYSIS OF TIME STUDY, 2nd 
edition, Prentice-Hall, Inc., 1955, and A LABOR UNION MANUAL ON JOB 
EVALUATION, Labor Education Division, Roosevelt College, Chicago. 


In addition to the American Institute of Industrial Engineers, Dr. 
Gomberg is a member of the following organizations: American Arbitration 
Association, American Economic Association, American Society for 
Mechanical Engineers, American Statistical Association, Institute of 
Mathematical Statistics, Professional Engineers' Society, Society for 
Advancement of Management, and the National Association of Cost Ac- 
countantse 


In addition to lecturing before these and many other professional 
engineering organizations and before numerous college classes through~ 
out the country, he has written articles for such journals and publi- 
cations as: Industrial Engincer, Mechanical Engineering, The Bent of 
Tau Beta Pi, Modern Management, Harvard Business Review, the Bureau of 
National Affairs Service, the Annals of the American Academy of 
Political and Social Sciences, Industrial and Labor Relations Review 
of Cornell and Personnel. 


He is currently Adjunct Professor of Industrial Engineering at 
Columbia University. 


Dr. Gomberg will speak on "THE DEVELOPING RELATIONSHIP BETWEEN 


COLLECTIVE BARGAINING AND INDUSTRIAL ENGINEERING SINCE THE CLOSE OF 
WORID WAR II" 


(Session 1A, Industrial Engineer's Labor-Management Role, 17 May 1956, 
AIIE 7th Annual National Conference) 
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JOHN P. JUNG 


Methods Engineer 
Industrial Engineering Department of the Television & Radio Division 
Philco Corporation, Philadelphia, Pennsylvania 


Mr. Jung received his B.A. from the Commonwealth of Pennsylvania in 1931 

with supplementary studies in Business and Management at Banks, Temple 
University and Penn State College. Prior to joining Philco Corporation, 

Mr. Jung graduated from Radio Electronic Institute, Inc., in Philadelphia, 
Pennsylvania, in electronics engineering. He has also received supplementary 
management training at the National Institute of Management in Cleveland, Ohio. 


Mr. Jung joined Philco Corporation in 1948 as a Time Study Engineer and 
advanced to the position of Electrical Methods Engineer. In March, 1955, ba: 
was appointed Director of Training for the Industrial Engineering Department 
of the Television and Radio Division. He is presently engaged with the Cost 
Engineering Department of the Television and Radio Division on cost reduction 
studies in management—engineering techniques. 


He holds memberships in the Institute of Radio Engineers and the Institute 
of Management Sciences. 


DR. HAROLD W. KUHN 


Associate Professor of Mathematica. 
Bryn Mawr College 
Bryn Mawr, Pennsylvania 


Dr. Kuhn received his Ph.D. from Princeton University in 1949. He was @ 
Fulbright Fellow in France (1950). 


In 1951, Dr. Kuhn was a lecturer in Mathematics at Princeton. At present, 
in addition to being Associate Professor of Mathematics at Bryn Mamr College 
he is also Consultant to the Office of Naval Research Logistics Project, 
Department of Mathematics, Princeton University. 


Dr. Kuhn's publications in linear programming and the theory of games date 
from 1948 and include the fundamental duality theorem of linear programming 
(jointly with David Gale and &. W. Tucker) and, most recently, a new 
computational method for assignment and transportation problems. 


He was President of the Society for Industrial and Applied Mathematics for 
the year 1954-55. 
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DR. IRWIN P, LAZARUS 


senate Director, Ordnance Management Engineering Training Program 
Rock Island Arsenal 
Rock Island, Illinois 


Dr. Lazarus received his B.S. in Aeronautical Engineering; 
M.S. in Industrial Engineering; and Ph.D. in Industrial 
Engineering from Purdue University. 


He has served as Industrial Engineer, Atlas Brewing Company; 
Research Engineer on US Army Ordnance Project #PRF 679; 
Partner in the firm of M. E. Mundel and Associates, 
Consultant Industrial Engineers; and Conference Leader, 
Ordnance Management Engineering Training Program. He was 
Assistant Professor of Industrial Engineering at Purdue 
University and served as lecturer at Michigan State 
University, Marquette University, University of Minnesota, 
and State University of Iowa. He has taught Motion and 
Time Study, Industrial Organization and Management, 

Advanced Seminar in Motion and Time Study, as well as 
Theoretical and Applied Mechanics and Strength of Materials. 


He also has served in the U. S. Navy as Aircraft Engineering 
Officer. 


He is the author of "The Nature of the Stop Watch Time 

Study Error", Advanced Management, May, 1950; "Predetermined 
Time Standards in the Army ot Corps", Journal of 
Industrial Engineering, November 1954; Chapter 25 of 

Motion & Time Stud Beined les and Practice, Edition 2 by 


He is a member of the Society for the Advancement of 
Management; American Society for Engineering Education; 
American Institute of Industrial Engineers - Vice President, 
Midwest Region for 1957; Rotary International, Recipient 

of Government Superior Accomplishment Award, November, 1954. 


He is presently employed as Acting Director, Ordnance 
Management Engineering Training Program, Rock Island 
Arsenal, Rock Island, Illinois, in which capacity he 
supervises and coordinates staff of the central management 
consultant and training group serving 97 U. S. Army Ordnance 
Corps instaliations and their 130,000 civilian employees. 

He is listed in American Men of Science, 9th Edition. 
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LIEUTENANT L. L. KORNFELD, SUPPLY CORPS, U. S. NAVY 


Management Engineering Division, Bureau of Supplies and Acco 
Department of the Navy, 
Washington, D. C. 


LT Leo Kornfeld, SC, USN, was educated at the University 
of Michigan and Georgia Tech. He has acquired three 
degrees: B.S. in Mathematics, a Bachelors and Masters 
in Engineering. He is working towards his doctorate 
degree in Industrial Engineering at New York University. 
He is a member of Tau Beta Pi, the Engineering honor 
society. 


He is a career Navy Supply Corps Officer and has had 
varied duties both afloat and ashore. He has held such 
positions as the supply officer of a Naval vessel, 
assistant Planning Officer of a Navy Storage and 
Distribution point, and Factory Officer at the Naval 
Clothing Factory where he was primarily responsible for 
developing the time standards program for 2000 production 
workers. At present, he is assigned as the Special 
Assistant to the Management Engineering Division officer 
ef the Navy Department's Bureau of Supplies and Accounts 
in Washington, D. C. In this position, he is primarily 
involved in the present Bureau of Supplies and Accounts 
Engineered Time Standards Program which is directing the 
setting of work standards in the clerical, warehousing, 
electric accounting machine and public works maintenance 
areas utilizing Industrial Engineering techniques such as 
Methods-Time Measurement, Time Study, Yale and Towne 
Predetermined Standard and Ratio Delay. 
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DR. ELBERT P. LITTLE 


Staff Consultant 
Anderson-Nichols & Company 
Management Consultants 
Boston, Massachusetts 


Dr. Little is a graduate of Harvard. University, Class of 
1934 and received his physics doctorate in 1941 from the same 
university. 


Dr. Little has been on the staff of Harvard, Radcliffe, and 
Phillips Exeter Academy as well as Wayne University. He has 
also been technical manager of the Marine Biological 
Laboratories, Woods Hole, Massachusetts. 


Dr. little is one of the pioneers in the field of integrated 
data processing. Dr. Little was formerly Chief, Computation 
Branch, U. S. Air Force, and then Professor at Wayne Univer- 
sity, Detroit, where he headed the research and practical 
studies in the business applications of computers. He is 
well-known in the field of computers for his teaching and 
consulting and for his analysis of business systema and 
industrial procedures. 
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MRK. DONALD @. MALCOLM 


Virecter of Operations Research: 
Booz, Allen and Hamilton 
Chicago, Illinois 


Mr. Malcolm received his B.S.P.S.E. and M.S. in Industriai 
Engineering from Purdue University. 


He is now Director of Operations Research, Booz, Allen 

and Hamilton, Chicago, Illinois. Previousiy ne was 
Research Leader and Senior Staff Member, Operations 
Research Office, The Johns Hopkins University. He also 

has served as Vice-President-Engineering and Production, 
Bacon Vulcanizer Mfg. Company; as Assistant Professor 
Mechanical Engineering (Industrial Engineering), University 
of California; as Instructor to Assistant Frofessor Engr. 
Mechanics, Purdue University; and with the Allison Division, 
General Motors Corp. as production foreman, methods and 
procedures specialist and calibration engineer. 


He is the past national President of AIIE, He also has 
served in many other officer positions such as President and 
Director of the San Francisco - Oakland Chapter; National 
Vice-President, Western Region; Chairman, National Committee 
on Registration; Board of Trustees. 


He is a member of SAM, ASME, American Society for Engr. 
Education, the Institute of Management Sciences, Tau Beta 
Pi and Sigma Xi. He is a Registered Engineer and Fellow- 
American Association for the Advancement of Science. 


DR. H. B. MAYNARD 


President, Methods Engineering Council 
Pittsburgh, Pennsylvania 


Dr. H. B. Maynard, a professional management man, is one of 
the best known figures in the field of management today. 
Methods Engineering Council, a firm of management consultants, 
of which he is President and founder, is recognized inter- 
nationally for its consulting work in virtually every phase of 
business and industrial enterprise. 


Dr. Maynard is one of the originators of methods-time-measuremen 
(MIM), a technique used to set work and production standards 
based upon predetermined time units for manual motions. He also 
is responsible for the now universally accepted phrase, "methods 
engineering," from which his firm gets its name. In addition, 
Dr. Maynard has created many other business and industrial 
techniques in organization, administration, sales and sales 
management, finance, controls, and training -- as well as his 
recently announced procedure Universal Maintenance Standards. 
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DR. H. B. MARNARD 
(continued) 


Among the many honors he has received in the management field 
are the Gilbreth Medal, the Melville Medal, and selection as 
ASME Towne Lecturer. He is the author and co-author of four 
technical books now used in colleges and universities. He is 
much in demand as a speaker before important engineering and 
industrial groups internationally. Currently he is Editor-in- 
Chief of the INDUSTRIAL ENGINEERING HANDBOOK to be published by 
McGraw-Hill. In April of the current year, he was awarded the 
Wallace Clark Award for his contributions to management on the 
international scale. 


Dr. Maynard has been national president of such professional 
groups as the Council for International Progress in Management, 
Inc., the Society for Advancement of Management, and the MIM 
Association for. Standards and Research. He has been a director 
of the Association of Consulting Management Engineers, and is 
past chairman of the Management Division, American Society of 
Mechanical Engineers. He is past president of CIOS, the 
International Committee on Scientific Management with head- 
quarters in Geneva, Switzerland. Dr. Maynard was in Sao Paulo, 
Brazil, in February 1954, to preside at the Tenth International 
Management Congress sponsored by CIOS. 


JOSEPH J. MOQUIN 


Chief Industrial Engineer 
Army Ballistic Missile Agency 
Huntsville, Alabama 


Mr. Moquin received his B.S. degree in Industrial Engineering 
from Washington University, St. Louis, Missouri, where he also 
continued graduate study. 


He was Director of the Army Ordnance Management Engineering 
Training Program from 1953 to 1956. He has also been 
Industrial Engineer, United Wood Heel Co.; Industrial Engineer, 
Beltx Corporation; Industrial Engineer, Rice Stix, Inc.; 
Conference Leader, Ordnance Management Engineering Training 
Program, and has taught at Washington University, St. Louis, 
Missouri; been lecturer at University of Wisconsin, University 
of Minnesota, Purdue-University, Marquette University, Michigan 
State University, St. Ambrose College and University of Illinois 
He served in the Amry Corps of Engineers. Previous to joining 
the Army O.M.E.T.P. he was Industrial Engineer at Rice Stix, 
Inc., St. Louis, Missouri; and Instructor in Industrial 
Engineering, Washington University. 


He is a member of the American Institute of Industrial Engineers 
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JOSEPH J. MOQUIN 


Chief Industrial Engineer 
Army Ballistic Missile Agency 
Huntsville, Alabama 


Mr. Moquin received his B.S. degree in Industrial Engineering 
from Washington University, St. Louis, Missouri, where he also 
continued graduate study. 


He was Director of the Army Ordnance Management Engineering 
Training Program from 1953 to 1956. He has also been 
Industrial Engineer, United Wood Heel Co.; Industrial Engineer, 
Beltx Corporation; Industrial Engineer, Rice Stix, Inc.; 
Conference Leader, Ordnance Management Engineering Training 
Progrem, and has taught at Washington University, St. Louis, 
Missouri; been lecturer at University of Wisconsin, University 
of Minnesota, Purdue: University, Marquette University, Michigan 
State University, St. Ambrose College and University of Illinois. 
He served in the Amry Corps of Engineers. Previous to joining 
the Army O.M.E.T.P. he was Industrial Engineer at Rice Stix, 
Inc., St. Louis, Missouri; and Instructor in Industrial 
Engineering, Washington University. 


JOHN F. 


Instructor of Economics 
Carnegie Institute of Technology 
Pittsburgh, Pennsylvania 


Mr. Math has been associated for four years with a research project ia 


production planning and control at Carnegie Tech and is now an economics 
instructor at that institution. 


His professional interests lie in the field of management science and 
operations research, as well as in economic theory and econometrics. 
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JOHN A. NEVROS 


Chief, Management Assistance Branch, Management Division 
Office of The Quartermaster General of the Army, 
Washington, D. C. 


Mr. Nevros received his LL.B. degree from Columbus University, 
School of Law, Washington, D. C., now a part of the Catholic 
University of America, in 1940. He completed Advanced Technical 
Training in Business Administration at the Graduate School of 
Business Administration, Harvard University, in July 1943, and 
completed courses in Motion and Time Study at the University 
of Virginia at Richmond, and in Materials Handling at the 
University of Richmond. He is also a graduate of the Quarter- 
master School (1942) at which time he was commissioned a 2nd 
Lieutenant in the Army of the United States, of the Army 
Service Forces Depot School at Camp Lee and Utah ASF Depot in 
1945, and the Army Command Management School (July 1955) at 
Fort Belvoir, Virginia. 


From 1935 to 1946 he held various positions with the National 
Labor Relations Board, attaining the position of Associate 
Attorney in 1945. In 1946 he transferred to the New Cumberland 
General Depot, U. S. Army, at New Cumberland, Pennsylvania, 

where he served as Director of the Control Division (subsequently 
redesignated the Management Engineering Division). From 

December 1946 to the present time he has been with the Office of 
The Quartermaster General of the Army and has held his present 
position for the past six years. As Chief of the Management 
Assistance Branch, Mr. Nevros provides staff direction and 
technical supervision over the Quartermaster management engineering, 
industrial engineering and management improvement programs for the 
QM Field Establishment, approximately 20 field installations with 
nearly 30,000 personnel. 


He served with the Army of the United States from 3 March 1941 

to 16 October 1945, first as an enlisted man with the 260th Coast 
Artillery (Anti-Aircraft), then with the 722nd Military Police 
Battalion (ZI), and finally as an officer with the Quartermaster 
Corps at Camp Lee, Richmond ASF Depot, Utah ASF Depot, and in 
Hawaii. He was assigned principally to management engineering 
duties from 1943 to 1946. 


Mr. Nevros is a member of the Bar of the District of Columbia, 
being admitted to practice before the U. S. District Court in 
1940 and the U. S. Court of Appeals in 1941. 


He is a Director of the D. C. Chapter, AIIE, Chairman of the 
Program Committee and the Proceedings Committee for the AIIE 
7th Annual National Conference; a charter member of the Armed 
Forces Management Association; member of the American Society 
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for Public Administration and Barristers Lodge No. 48, 
PAAMasons. He has spoken on management and industrial 
engineering at the Industrial Club of Schenectady, N. Y., 

the Washington Chapter of the AIIE, the Management Engineering 
Institute, at QM installations, and elsewhere. He received 

the Department of the Army Commendation for Meritorious Civilian 
Service and Outstanding Performance of Duty in 1952. He was 
editor-in-chief of the Columbus University yearbook in 1940 and 
the university newspaper in 1942, both of which received high 
national intercollegiate ratings. 


HARRY L. PALMER 


Manager - Engineering, Specialty Control Department 
General Electric Company 
Waynesboro, Virginia 


Mr. Palmer received his BSEE degree from the Washington State 
College in 1925. 


He has been associated with the General Electric Company ever 
Since his college graduation. His experience with General 
Electric Company includes 5 years in the Radiv Engineering 
Department where he worked on industrial applications of 
electronic tubes (1925-1930); 8 years in the Industrial Control 
Department where he worked on industrial electr nic appli- 
cations (1930-1938}. In 1938 he wes placed in charge of the 
Industrial Electronic Section of the Industrial Control 
Department. In January 1953 he was made Sub-section manager 

of Electronic, Regulator and Aircraft Engineering. In September 
of the same year he was appointed Manager-Engineering, Specialty 
Control Department, his present position. 
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RALPH PRESGRAVE 


Vice President, York Knitting Mills, Limited, anu 
Vice President, J. D. Woods and Gordon, Ltd. 
Management Consultants 
Toronto, Canada 


Born in London, England, Mr. Presgrave attended high school 
and university in Toronto, Canada. He received his degree of 


Bachelor of Applied Science (Chemistry) from the University of 
Toronto in 1921. 


Mr. Presgrave nas been associated with the Textile Industry 
Since graduation. During the last 27 years he has been with 
York Knitting Mills, Ltd., in time study, personnel and general 
Supervision. He has been closely connected with Time Study 
Since 1927 and was one of the founders of the firm of J. D. 
Woods & Gordon Limited, Toronto, Industrial Consultants. 
Currently he is in charge of personnel and has other management 
responsibilities in the six mills of York Knitting Mills, 
Limited, Toronto. He is also Vice President of Kroy Unshrinkable 
Wolls, Limited, Toronto, Vice President of Thomson Research. 
Associates, Ltd., Toronto, and Director, Kroy, Inc., lowell, 
Massachusetts. 


Mr. Presgrave is a fellow of the American Institute of Industrial 
Engineers and was recipient of the Gilbreth Medal in 1951. 


He is lecturer on Time Study and related subjects at the Universit 
of Toronto, Engineering and Institute of Business Administration. 


Mr. Presgrave is author of "The Dynamics of Time Study" and 
numerous papers on Time Study, Labor Relations, and allied subject: 


He is on the following standing committees: Professionalization 
Industrial Engineering goon (U.S.)); Industrial Engineering 
Projects (S.A.M. (U.S.)); Chairman, Industrial Relations Committee. 
Woolen & Knit Goods Association, Canada; Industrial Relations 
Committee, C.M.A.; and Committee on Management Terminology 
(Canadian repres.) Comite International de l'organization 
Scientifique. 


A gentleman of diverse interests his hobbies include the collec- 
tion and study of old prints, and color photography. He is a 
charter member of the Colour Photographic Association of Canada 
and an exhibitor in International Salons specializing in natural 
history. 
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NYLES V. REINFELD 


Managing Director, National Institute of Management, Inc. 
Cleveland, Ohio 


Mr. Reinfeld received his B.A. in Industrial Management 
from the University of Akron, and his M.A. in Mathematics 
from the University of Michigan. 


Currently, he is Managing Director of National Institute 
of Management, Inc., formerly known as Executive Services, 
@ consulting and training firm which specializes in 
industrial training in applied mathematical management. 
Mr. Reinfeld has worked in the Systems Department, 
University of Michigan, set up and solved problems SEAC, 
Mark III, at the National Bureau of Standards, Washington, 
D. C. He also was with Burroughs Corporation, doing field 
and systems work for design of office equipment, setting 
up problems for digital computer (Testrack). He is a 
former member of the Methods Engineering Council. His 
primary activities are mathematical programming and 
inventory management. He worked on the first installation 
of mathematical programming to industry at SKF. He also 
worked four years’ in machine shops in Akron, Ohio. He 
served in the U. S. Navy. 


Mr. Reinfeld's publications include articles in Tooling 
and Production, Iron Age, Steel Magazine, Business Week, 
Journal of Operations Research, and Journal of Institute 
of Management Sciences. He is co-author with W. R. Vogel 
of a book on "Mathematical Programming" now in final 
preparation. 


His memberships and honors include: Society for Advance- 
ment of Management; American Society for Quality Control; 
Operations Research Society; Institute of Management 
Sciences; Teaching Fellowship, University of Akron; 
Knight Memorial Scholarship, University of Akron. 
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WALTER PHILIP REUTHER 


Vice President, AFL - CIO 
President of the United Automobile, Aircraft and 
Agricultural Implement Workers ~ 
Detroit, Michigan 


Mr. Reuther left high school at fifteen to become an 
apprentice tool and die maker at the Wheeling Steel 
Corporation. He was fired for organizing the workers 

in protest —— Sunday and holiday work. In 

February 1926, Reuther went to Detroit. He worked for 
Briggs, GM, Coleman Tool and Die, and finally Ford, where 
he worked in the tool and die room for six years. 


Working nights, he completed his high school education and 
went three years to Wayne University, where he formed the 
Social Problems Club and gave its members first hand 
experience by taking them to picket lines when strikes were 
in progress. He holds honorary degrees from St. Mary's 
College of Oakland, California; Boston College; the 
University of West Virginia; Wayne University in Detroit, 
Michigan; and St. Francis Xavier of Antigonish, Nova Scotia. 


Mr. Reuther was born in Wheeling, West Virginia, on 

1 September 1907. The atmosphere of his home was one of 
intense interest in unions and labor problems. His father, 
Valentine Reuther, at the age of 23 was president of the 
Ohio Valley Trades and Labor Assembly and for many years an 
International organizer of the United Brewery Workers. 


In 1933, Reuther was discharged from Ford's for labor union 
activity and with his brother Victor embarked on a world 
tour which took them through eleven countries of Europe and 
Asia. They worked in factories, observed the operation of 
auto plants and machine shops, and studied the labor move- 
ments in the countries visited. Returning to Detroit in 
1935, Reuther went to work in a shop and plunged into the 
job of organizing auto workers. Under his leadership, West 
Side local 174 of the United Automobile Workers rose from a 
membership of 78 in 1936 to 30,000 in 1937. In May, 1936, 
he was elected to the International Executive Board and was 
reelected to the Board every year after that. In 1942 he 
was first elected vice-president. 


Reuther was active in the Detroit and Flint sitdowns, 


including the important Kelsey-Hayes Wheel strike in 
Decemoer, 1936, one of the early sitdown strikes in the 
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drive that organized the auto industry. In the forefront 

of the Ford organizing drive in 1937, he and other unionists 
were severely beaten by Ford servicemen in what has come to te 
known as “the battle of the overpass". 


After the automobile companies were brought to a greater 
acceptance of unionism, Reuther worked on the problems of 


making collective bargaining more efficient; he was instrumenta 


in securing General Motors' agreement to an impartial umpire 
for ruling on worker-management disputes. From 1939 to 1948, 
Reuther was director of the GM Department of the UAW. 


Reuther bucked the isolationist tides from right and left 

in the pre-Pearl Harbor period when in 1940 he advanced 

a program for converting the auto industry to 4 war footing 
and mass production of military planes. Praised by President 
Roosevelt, but stymied by industry leaders in Detroit and 
Washington, the basic elements and contentions of the 
"Reuthner Plan", as it was popularly known, were vindicated 
and implemented when the auto industry finally went to war. 


Reuther served as labor representative with OPM and the 

War Manpower Commission, but refused other appointments 
offered him because he objected to war-time Washington's 
failure to use labor in more than an advisory capacity. In 
the fall of 1945, following V-J Day, General Motors workers, 
under the direction of Reuther as head of the GM Department 
of the UAW, and with solid support of the whole UAW-CI1O 
membership, made it plain that unionism had come to stay, 
and that the policies and objectives of American Labor were 
not limited to another nickel in the pay envelope. 


Walter Reuther was elected President of the UAW-CIO at the 
Auto Worker's Tenth Convention in Atlantic City, in the 
latter part of March, 1946. A few months later at the 
Eighth Convention of the Congress of Industrial Organizations 
(CIO), held in Atlantic City during the week of November 18. 
1946, Reuther was elected Vice President of the CIO. He was 
reelected to the UAW presidency by an overwhelming majority 
at the Union's Eleventh Convention in November, 1947. 


While talking with his wife in the kitchen of their home on 
the night of 20 April. 1948, shortly after returning from a 
meeting of the UAW Executive Board, Reuther was felled by a 
shotgun blast from an assailant who fired through a rear 
window. Reuther's right arm was almost severed and his chest 
wounded. As of this date, Reuther's assailants have not been 
apprehended. 
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Under Reuther's ieadership, following the 1949 UAW-CIO 
Convention in Milwaukee, the Union launched a campaign tc 
win employer-financed pensions and health insurance for its 
members. The first such program was achieved in negotiations 
with the Ford Motor Company in September, 1949. Since that 
time more than 1,000,000 members of the UAW-CIO have been 
covered by pensions wholly financed by employers, and by 
health insurance plans for which the employer pays at least 
half the cost. 


Wnen the International Confederation of Free Trade Unions 
was founded in London, December, 1949, Reuther attended the 
founding session as chairman of the CIO delegation. Earlier 
that month, at a meeting in Zurich, Switzerland, he was 
elected President of the Automobile Division of the Inter- 
national Metalworkers Federation. 


In addition to his other union activities, Reuther serves 

as Co-Director with William Oliver, of the UAW-CIO Fair 
Practices and Anti-Discrimination Department, set up at the 
Tenth UAW Convention by constitutional amendment. He is 

also a member of the Executive Boards of the National 
Association for the Advancement of Colored People, the 
Religion and Labor Foundation and a member of other organizat 


On 4 December 1952, Reuther was elected President of the 
Congress of Industrial Organizations to succeed the late 
Philip Murray. He was reelected President of the CIO in 1953 
and 1954. He played a leading role in the negotiations for 
labor unity between the CIO and AFL which resulted in 
February, 1955, in a merger agreement which was subsequently 
consummated. At the recent convention which saw the merger 
of the AFL and CIO brought to realization, Reuther was 
elected Vice President of the newly united organization. 


Reuther is married, has two young daughters, and lives in 
Detroit. 


DR. ANDREW S. SCHULTZ, Jr. 


Director of Research for the American Institute of 
Industrial Engineers, and Head, 
Department of Industrial and Engineering 
Cornell University, Ithaca, New York 


Dr. Schultz is Professor and Head, Department of Industrial 
and Engineering Administration, Sibley School of Mechanical 
Engineering, Cornell University, Ithaca, N.Y; Director of 
Research of the American Institute of Industrial Engineers; 
Associate Editor of the Journal of the Operations Research 
Society of America; Consultant to a number of industrial 
firms; Member of Am. Soc. Engineering Educ.; Inst. Management 
Science; Am. Stat. Assoc.; Am. Soc. Quality Control; Nat'l. 
Assoc. Cost Accountants; A.I.I.E.; and 0.R.S.A. 
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JOHN L. SCHWAB 


President, John L. Schwab Associates 
Management Consultants 
Bridgeport, Connecticut 


As president of John L. Schwab Associates, John L. (Jack) 
Schwab and his firm of consultants have achieved international 
recognition for many contributions to the fieid of industrial 
management and engineering. 


Mr. Schwab is co-originator of Metnods-Time Measureinent -- 

the weli-known technique of cost reduction through work 
simplification which permits the setting of performance 
standards without use of the stop watch. He is also co-autho: 
of the McGraw-Hill published textbook, "Mecthods-Time Measure- 
ment” (1949) -- and is now readying "MIM in Materials 
Handling." 


Mr. Schwab and his organization have twice been featured in 
FORTUNE magazine, and have also been acclaimed in such other 


publicationa as FACTORY, MODERN INDUSTRY, MILL AND FACTORY, 
and others. 


A recognized expert in the field of manufacturing, production, 
and management engineering, Mr. Schwab has installed cost- 
reducing procedures in virtually every type of industry 
throughout the U. S., Canada, and Europe, including companies 
with nationally and internationally known names. 


He nas also done outstanding work in the educational and training 


fields and is on the Executive Committee of the Bridgeport 
Engineering Institute. Mr. Schwab's firm has pioneered 
development work in several other management areas, and now 
sponsors in-plant training programs in Management Development 
and Human Relations, Industrial Relations, Management Funda- 
mentals, and Speech, 


Before forming his own firm Mr. Schwab was Vice President, 
Methods Engineering Council, New England Division, Bridgeport, 
Connecticut. Prior to this he was on Headquarters Industrial 


Engineering Staff, Westinghouse Electric Corporation, Pittsburgh, 


Pennsylvania, and later was Chief Industrial Engineer with 
Bryant Electric Company, Bridgeport, Connecticut. 


Mr. Schwab was a founder and first president of Bridgeport 
Chapter, Society for Advancement of Management, and is a 
National Director of this organization. He was chief con- 
tributor to the paper on Work Measurement presented at the 9th 
International Management Congress in Brussels, Belgium, at 
which he was a U. S. representative. 
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Mr. Schwab has addressed many professional societies 

(American Society of Tool Engineers, American Society of Mechanica 
Engineers, Society for the Advancement of Management, National 
Association of Cost Accountants, Controllers Institute, and so 
on). He also has delivered special lectures at Wharton School, 

| University of Pennsylvania, Acton Technical College, London, 
England, and the University of Birmingham, England. In addition 
he has addressed numerous technical societies in both Belgium 

| and France. 


DR. ROBERT B. SLEIGHT 


President, Applied Psychology Corporation 
j Washington, D. C. 


Dr. Sleight has been engaged in human engineering research 
| and consulting for the last nine years. After serving as a 
naval aviator during World War II, he received the Ph.D. 
degree from Purdue University with a major course of study 
in industrial and experimental psychology. Dr. Sleight 
wes formerly Assistant Professor and Research Psychologist 
at The Johns Hopkins University. Since 1952 he has been 
President of the Applied Psychology Corporation loceted 
| in Washington, D. C. 
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C. LIOYD THORPE 


General Manager, Willamette Iron and Steel Company 
(a division of Guy F. Atkinson Company) 
Portland, Oregon 


Mc. Thorpe received BBA and MBA degrees at the University 
of California, Golden Gate College. 


He was Assistant Chief Engineer, Ray 011 Burner Company, 
1934-39; V. P., Combustion Utilities, Inc., 1939-40; 

Chief Engineer, International Totalizer Company, 1940-44; 
Plant Manager, Dalmo Victor, 1944-45; General Manager, 
Clarkson Company, Project Manager, Works Manager, Dalmo 
Victor, 1945-47; Management Consultant, 1947-48; General 
Personnel and Public Relations Manager, Guy F. Atkinson 
Company, ne Consulting Technical Editor, Western 
Industry, 1949-54; and has been General Manager, Willamette 
Iron and Steel Company, since 1954. 


He has been Director, Portland Chamber of Commerce, since 
1956; Director, Junior Achievement of Portland, Inc., 


since 1955; and Director, Goodwill Industries of Oregon, 
since 1956. 


Mr. Thorpe was Lecturer, Stanford University E.S.M.W.T., 
1944-45; Lecturer, Golden Gate College, 1946-54; Lecturer, 
Graduate School of Credit and Financial Management, 
Stanford University, 1954; Member and Secretary, City of 
San Mateo Personnel Board, 1944-46; School of World 
Business Technical Advisory Committee, San Francisco 
State College, 1948-54. He is a registered Professional 
Engineer, California. 


He is a member of American Society of Mechanical Engineers, 
Awerican Institute of Industrial Engineers, American 
Society of Training Directors; Society for Advancement of 
Management; Pacific Northwest Personnel Management Assn.; 
Rotary International, Commonwealth Club of California, 
Multnomah Athletic Club, and University Club of Portland. 


Mr. Thorpe's biography is in Who's Who in Engineering, 
Who's Who in American Education, Who's Who in Commerce 


9 as aa Who's Who in the West, International Blue 
ok. 
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DONALD H. VANCE 


Vice President and Executive Engineer 
The Korfund Company, Inc. 
Iong Island City, New York 


Mr. Vance is a graduate of the University of Michigan in 
Mechanical Engineering. 


He worked for two years in the Engineering Research Department 
of the University of Michigan before joining the staff of the 


Korfund Company with whom he has been associated for over 13 
years. 


Mr. Vance is the author of many technical papers and articles. 
He is the author of the section on "Vibration Control and Noise 
Silencing" in the Plant Engineer's Handbook, a McGraw-Hill 
publication. His paper on "The Use of Vibration and Shock 
Control in Reducing Noise Levels" presented at the 6th National 
Noise Abatement Symposium was published in the March issue of 
‘Noise Control" Magazine. He has been an active speaker for 
ASTE, ASME, ASH and AE. 


Mr. Vance is a member of Tau Beta Pi and Phi Kappa Phi. 


DR. RAYMOND VILLERS 


Consultant in Industrial Management, and 
Associate Professor of Industrial Engineering at 
Stevens Institute of Technology 
Hoboken, New Jersey 


Of French-American ancestry, Dr. Villers was born in 
France and graduated from the Sorbonne, University of 
Paris. He has received graduate degrees from several 
universities, including Columbia. During World War II, 
as a reserve officer in the French Forces, Dr. Villers 
served on the Personal Staff of the Admiral Commander-in- 
Chief of the Free French Navy. Later during the war he 
served with the United States Navy and became an American 
citizen. 


Dr. Raymond Villiers, Consultant in Industrial Management, 
Associate Professor of Industrial Engineering at Stevens 
Institute of Technology and Lecturer in Industrial 
Engineering at Columbia University, has been engaged for 
many years in intensive research work in industrial 
organization, production planning and profit control. He 
was Assistant Professor of Industrial Engineering at 
Columbia University from 1947 to 1952. In 1946 he received 
the Du Pont de Nemours - General Motors Joint Fellowship of 
Research which started his research activities. 
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He is the author of The amics of Industrial Management 
(1954), of scientific papers and articles and with a late 
Dr. Walter Rautenstrauch of the Economics of Industrial 
Management (1949) and Budgetary Sontrol (1950). He is a 
contributing author to Grant and Ireson's Handbook of 
Industrial engineering and Management (1955) and has 
published articies in such magazines as The Journal of 
Industrial Engineering, Advanced Management, Dun's Review 
and Modern Industry, and Harvard Business Review. 


Dr. Villers lectured for the United States Army in 1949, 

the United States Navy in 1950-51, the United States 

Air Force in 1955 and the United States Civil Service in 
1954 and 1955 and before many professional societies 
throughout the country. He is a Trustee of Marlboro 
College, a member of AIIE, ASME, ASEE and other professional 
societies. He is an honorary member of Alpha Pi Mu and was 
elected vice-president for 1952 for the North-Eastern Region 
of the AIIE. He is also a member of the New York Academy of 
Sciences, the American Association of University Professors, 


the Newcomen Society of England, and the American Institute 
of Management. 


For many years Dr. Villers was a close associate of 

Dr. Rautenstrauch, one of the pioneers in the promotion of 
scientific methods in industrial management, and now heads 
the firm of Rautenstrauch and Villers, consultants in 
Industrial Management. 


STROTHER H. WALKER 


Research Group Chairman, Operations Research Office 
The Johns Hopkins University 
Chevy Chase, Maryland 


r. Walker is a graduate of Harvard University. 


e has had 20 years experience in administration, management 
nalysis and systems development in heavy industry and logistics. 
e joined the staff of the Operations Research Office of The 

ohns Hopkins University in 1954. Previously, he hed been 
ssociated with the Vanadium Corporation of Americe, the 

athieson Chemical Corporation, and Payrolls and Tauilating, Inc. 
© was the manager of the latter firm. Mr. Walker is presently 
onducting studies in the field of military logistics and electro 
omputer applications. 
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STENAFAX 


Mimeograph stencils and Offset plates were cut 
electronically from submitted originals by the facsimile 
process, and reproductions were made on mimecgraph 
machines and offset equipment. 


STENAFAX sutomatically makes stencils or plates 
in six minutese It provides the users with the means to 
reproacuce the following: 


Letters - Maps, Graphs - Business Forms 
ungineering Drawings - Bulletins - Time Tables 
Instruction Sheets - Advertisements - Musical Scores 


Catalog Sheets - Musical Sccres - Errata Sheets 
Forms ~ Charts - Photos 


TEMES FACSIMILE 


CORPORATION 
540 West S8th St. New York 19. Y. 


1523 L Street, H.W., Washington 5, D.C 
Biltmore Arcade, 43rd St. ond Madison Ave., New York 17, N. Y. 
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CARBON RIBBON 
Remington. 


ELECTRIC TYPEWRITER 


The American Institute of Industrial Engineers wish to 
express their appreciation to Remington Rand, Division 
of Sperry Rand Corporation, for the use of one of their 
new Remington Electric Typewriters equipped with carbon 
ribbon and special Executive type style to prepare the 


majority of the material in this booklet. 
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